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and Flavio Trigo Rocha
Volume 2013, Article ID 974276, 5 pages
Inhibition of Androgen Receptor Expression with Small Interfering RNA Enhances Cancer Cell
Apoptosis by Suppressing Survival Factors in Androgen Insensitive, Late Stage LNCaP Cells,
Sang Soo Kim, Hee Joo Cho, Jung Yoon Kang, Hee Kyu Kang, and Tag Keun Yoo
Volume 2013, Article ID 519397, 8 pages
Promising Noninvasive Cellular Phenotype in Prostate Cancer Cells Knockdown of Matrix
Metalloproteinase 9, Aditi Gupta, Wei Cao, Kavitha Sadashivaiah, Wantao Chen, Abraham Schneider,
and Meenakshi A. Chellaiah
Volume 2013, Article ID 493689, 13 pages
Potentials and Limitations of Real-Time Elastography for Prostate Cancer Detection: A Whole-Mount
Step Section Analysis, Daniel Junker, Georg Schäfer, Friedrich Aigner, Peter Schullian,
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Prostate cancer is currently the most common cancer diagnosed in males living in developed nations and is becoming
more commonly encountered in the rest of the world. This
increase in the prevalence of prostate cancer is basically due
to the advent of “Prostate Specific Antigen (PSA)” screening.
However, an exciting debate and research are going around
whether to screen or not, and more details are discussed in
a review in this special issue. Diagnostic techniques have
also evolved and have facilitated detection of majority of
significant tumors. On the other hand, issues surrounding
treatment are complex. Radical treatment options for prostate
cancer are themselves not innocuous. However observing
patients (active surveillance) carries its own risk of progression, especially because current methods of diagnosis do
not distinguish aggressive from indolent tumors. Taking all
these facts into consideration, it seems that much more effort
will be spent on the research of prostate cancer in the near
future. And therefore we decided to publish a special issue on
prostate cancer, trying to cover all aspects of this important
issue. Many papers especially from Asia and South America
were submitted to this special issue and even only this
demographic information is almost enough to underline the
importance of prostate cancer as a growing health problem
all over the world. And herein, outstanding findings of the
published papers of this special issue are summarized.
In a timely interesting study from Austria by D. Junker
et al., potentials and limitations of real-time elastography
(RTE) for prostate cancer detection were assessed, considering the fact that cancers usually have a higher cell and
vessel density than normal tissue and are therefore associated
with a decreased elasticity. RTE findings were compared with
whole-mount step section analysis of the prostate obtained

from radical prostatectomy. RTE could detect 9.7% of cancer
lesions with a maximum diameter of 0–5 mm, 27% of cancer
lesions with a maximum diameter of 6–10 mm, and 70.6% of
lesions with a maximum diameter of 11–20 mm while it could
show 100% of lesions with a maximum diameter of >20 mm.
In addition, there was a significant higher rate of cancer
detection rate in those with predominant Gleason pattern 4
or 5 regarding cancer lesions with a volume ≥0.2 cm3 . And
the authors further suggest that adding information about
contrast media dynamics in a multiparametric way might
decrease the number of false negative cases in the ultrasonic
evaluation of prostate cancer.
Several preoperative and postoperative nomograms, most
of them originating from western countries, are being used in
order to predict the outcome of prostate cancer, and many
validations studies have been published in the literature.
In an interesting study by V. H. W. Yeung et al. from
Hong Kong, predictive accuracy of Kattan and Stephenson
nomograms in the Chinese population was investigated for
the first time in the literature. Despite a limited number of
patients, the authors could observe that the 5-year and 10year biochemical free survival rates in Chinese patients were
similar to the predicted values by the Kattan and Stephenson
nomograms.
Almost 90% of prostate cancer cases diagnosed in the
era of PSA are believed to be “organ confined,” and “radical prostatectomy (open or laparoscopic/robot assisted)” is
conserved to be the treatment of choice in the majority of
cases. There have been a tremendous number of publications
in the last decade about laparoscopic radical prostatectomy,
investigating the outcome, learning curve, and almost all
other aspects. But probably nobody has ever dared to analyze
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or publish the learning curve of a low volume surgeon. A.
I. Mitre et al. from Brazil investigated this common but
“never asked” question. The authors conducted a prospective
study on 165 patients operated over an 8-year period by
a single surgeon with previous laparoscopic experience.
Sequential analyses were performed and, in order to define
the learning curve, patients were divided into 3 groups of 55
patients arranged in chronological order. The results showed
that intraoperative complications and conversions to open
surgery were significantly less after the first 51 cases. All
other parameters (blood loss, operative time, and positive
surgical margins) significantly decreased and stabilized after
110 cases. Although there are several limitations in the study,
the authors have to be congratulated for their efforts to collect
and report their results.
Radical prostatectomy is nowadays the treatment of
choice in the management of organ confined prostate cancer,
and biochemical failure, reported to develop 20–30%, is
becoming more commonly encountered. N. P. Murray et al.
from Chile examined the presence of circulating prostate cells
in blood after radical prostatectomy, using standard immunocytochemistry with anti-PSA monoclonal antibodies. They
reported that circulating prostate cancer cells in blood were
detected more frequently in patients with positive margins,
capsular invasion, and vascular and lymphatic infiltration.
They also concluded that presence of circulating prostate
cancer cells was an independent risk factor associated with
biochemical recurrence.
There are also several research studies published in this
special issue. In a very interesting cell culture study submitted from Baltimore, USA, by A. Gupta et al., researchers
examined the biological consequences of matrix metalloproteinase 9 (MMP9) knockdown in the invasion of
prostate cancer (PC3) cells. It has been previously shown
that MMP9 localized in invadopodia facilitates extracellular
matrix degradation and invasion in PC3 human prostate
carcinoma cells, by switching CD44 isoform expression from
CD44 standard to CD44v6, which may be essential for
the protection of noninvasive cellular phenotype. Although
there are conflicting results regarding expression of CD44
and tumor characteristics, the researchers were the first to
show that MMP9 knockdown increased CD44v6 expression
and suggest that interaction between CD44 and MMP9 is a
potential mechanism of invadopodia formation in PC3 cells.
They also postulate that CD44v6 may be a potential marker
for prognosis.
In another cell line study (LNCaP cell line) by S. S.
Kim et al. from Korea, factors related to the development
of androgen independent prostate cancer were investigated.
High passage subcultured LNCaP cells acquired androgen
independent property and the silencing of androgen receptor (AR) with small interfering RNA (siRNA) transfection
resulted in the reversion of proteomic profile to level of
fresh cell line. Furthermore, the expressions of five cancer related proteins (AR, heat-shock protein 27, clusterin,
glucose-related protein 78, and cellular FLICE-like inhibitory
protein) were increased in late stage (over 81 times subcultured LNCaP cell line) LNCaP. However these cancer related
protein expressions were reversed with small interfering RNA
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(siRNA) transfection. These findings support that therapeutic
approaches targeting AR can enhance the efficacy of anticancer treatment in the patients with castration resistant
prostate cancer.
In another research study using PC3 cell line, S. S.
Kim et al. from Korea investigated the change of doxazosin
induced apoptosis after dual gene silencing of heat-shock
protein 27 and cellular FLICE-like inhibitory protein (cFLIP) in PC-3 cancer cells. They elegantly showed that dual
silencing using siRNAsis technically feasible and knock out
of c-FLIP and Hsp27 gene together enhances apoptosis with
doxazosin in PC-3 cells. This finding suggests a new strategy
of multiple knockout of antiapoptotic and survival factors
in the treatment of late stage prostate cancer refractory to
conventional therapies.
And finally, the guest editors of this special issue summarized the future prospects in the management of localized
prostate cancer. As a conclusion, prostate cancer is a wide fertile area for both basic and clinical research and revolutionary
changes in the diagnosis and management of prostate cancer
are awaited in the near future.
Ahmet Tefekli
Murat Tunc
Volkan Tugcu
Tarık Esen
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Prostate cancer (PCa) is the commonest visceral cancer in men worldwide. Introduction of serum PSA as a highly specific
biomarker for prostatic diseases has led to a dramatic increase in the diagnosis of early stage PCa in last decades. Guidelines
underline that benefits as well as risks and squeals of early diagnosis and treatment should be discussed with patients. There are
several new biomarkers (Pro-PSA, PCA-3 test, and TMPRSS2-ERG) available on the market but new ones are awaited in order
to improve specificity and sensitivity. Investigators have also focused on identifying and isolating the gene, or genes, responsible
for PCa. Current definitive treatment options for clinically localized PCa with functional and oncological success rates up to
95% include surgery (radical prostatectomy), external-beam radiation therapy, and interstitial radiation therapy (brachytherapy).
Potential complications of overdiagnosis and overtreatment have resulted in arguments about screening and introduced a new
management approach called “active surveillance.” Improvements in diagnostic techniques, especially multiparametric magnetic
resonance imaging, significantly ameliorated the accuracy of tumor localization and local staging. These advances will further
support focal therapies as emerging treatment alternatives for localized PCa. As a conclusion, revolutionary changes in the diagnosis
and management of PCa are awaited in the near future.

1. Introduction
Prostate cancer (Pca) is the most common noncutaneous
malignancy and the second leading cause of cancer death
in men [1]. According to very recently published statics,
cancers of the prostate, lung and bronchus, and colorectum
will account for about half of all newly diagnosed cancers
among men while prostate cancer alone is underlined to
account for 29% (241,740) of incident cases [1]. Furthermore,
cancers of the lung and bronchus, prostate, and colorectum in
men will continue to be the most common causes of cancer
death [1].
In the United States, 90% of men with Pca are older
than 60 years, diagnosed by early detection with the serum
prostate-specific antigen (PSA) blood test, and have disease
believed to be confined to the prostate gland [2]. Considering
these factors as well as the sociocultural position of this group
of men, the treatment of the localized Pca stands out as a
major health problem.

Current treatment options for clinically localized Pca
include active surveillance (AS), surgery (radical prostatectomy), external-beam radiation therapy, and interstitial
radiation therapy (brachytherapy) [3]. Highly satisfactory
success rates up to 95% are being reported using a single or a
combination of these treatment modalities [3].

2. Screening and Early Detection
Improved treatment techniques as well as earlier diagnosis in
recent years have certainly led to better results [3]. However,
early diagnosis and/or early treatment of Pca has interestingly
not improved the Pca specific survival or overall survival from
Pca [4]. On the other hand, there is an everyday increasing
number of publications dealing with new markers to detect
Pca in the early stage [5]. Although PSA is a prostate specific
marker, it is generally agreed that the PSA test is not a perfect
test for finding Pca in its early phase. In order to improve
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the sensitivity and specificity of serum PSA, several PSA
derivates and isoforms are being used [5].
Prostate Health Index (Phi index: Phi index: [−2]
proPSA/fPSA × PSA1/2 ) has recently been suggested as a
useful tool by Catalona et al., especially in men with a
serum PSA 2–10 ng/mL [6]. Previous studies have shown
that elevated (pro-PSA/free PSA) ratios are associated with
aggressive pathological features and decreased biochemical
disease-free survival after radical prostatectomy [7]. A new
automated tool using the [−2]proPSA assay with a percentfree PSA-based artificial neural network was reported to be
capable of detecting Pca and more aggressive diseases with
higher accuracy than total PSA or percent-free PSA alone [8].
In a recent prospective cohort of men enrolled into active
surveillance for PCa, serum and tissue levels of pro-PSA
at diagnosis were associated with the need for subsequent
treatment [9]. The authors suggested that the increase in the
ratio of serum pro-PSA to percent-free PSA might be driven
by increased pro-PSA production from “premalignant” cells.
Despite the worldwide popularity of PSA, there are still
debates going around it [10]. First of all, it is questioned
whether PSA-based screening decreases prostate cancerspecific or all-cause mortality [3, 11]. In the recently published PIVOT study which was performed among men with
localized Pca detected during the early era of PSA testing,
radical prostatectomy did not significantly reduce all-cause
or Pca mortality, as compared with observation, through
at least 12 years of followup [11]. Furthermore, in another
recently published prospectively randomized study called
the Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer
screening Trial, it was also concluded that Pca mortality
was not significantly different between the PSA (and DRE)
screened and control groups [12]. On the other hand, data
from the “European Randomized Study of Screening for
Prostate Cancer” (ERSPC) suggests that PSA-based screening
reduced the rate of death from prostate cancer by 20%
[13]. Based on the results of these two large randomized
trials, most of the major urological societies conclude that at
present widespread mass screening for Pca is not appropriate
[14]. According to the European Association of Urology
Guidelines, early detection (opportunistic screening) should
be offered to the well-informed men [14].
The American Cancer Society (ACS) recommends that
men who are over 50 years of age and who are expected to
live at least 10 more years should have a chance to make
an informed decision with their health care provider about
whether to be screened for Pca or not [15]. The decision
should be made after getting information about the uncertainties, risks, and potential benefits of Pca screening. The
ACS interestingly underlines that men should not be screened
unless they have received this information [15]. According to
the ACS, this discussion should take place starting at age 40
for men at high risk of developing Pca. This includes African
Americans and men who have a first-degree relative (father,
uncle, brother) diagnosed with Pca at an early age (younger
than age 65) [15]. And finally, after this discussion, those
men who want to be screened are suggested to be tested
with the serum PSA as well as digital rectal exam (DRE)
[15]. The ACS also suggests that men without symptoms of
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Pca who do not have a 10-year life expectancy should not be
offered testing since they are not likely to benefit because it
is generally considered that prostate cancer growth is slow
[15]. However, a recently published report from three decades
of followup of the natural history of Pca underlines that,
although localized Pca most often has an indolent course,
local progression and distant metastasis can develop over the
long term, even among patients considered to be at low risk
at diagnosis [16]. In this study, 38 (17%) of the 223 untreated
men with localized Pca died because of prostate cancer after
32 years of followup [16]. The authors observed 90 (41.4%)
local progression events and 41 (18.4%) cases of progression
to distant metastasis, and these findings further complicate
discussions around screening [16].
There are even slight disparities among guidelines
declared by the same country, the USA. In the very recent
annual meeting of the American Urological Association,
guidelines on the early detection of Pca have been presented
and some small changes are underlined [17]. According to this
very recent declaration, in men aged 40–54 at average risk for
the disease, the guidelines recommends that screening, as a
routine practice, should not be encouraged. The Guidelines
Committee underlines that evidence for the benefit for
screening in this age range was limited while the quality and
strength of the evidence regarding the harms of screening was
high. In addition, routine screening were not recommended
in men over the age of 70 or those with less than a 10-year life
expectancy. However, the AUA guidelines acknowledged that
some men over the age of 70 in excellent health might benefit
from screening. In this setting, the guidelines suggest that a
discussion of the unique risks and benefits of screening in
older men occur. The same guidelines also point out that the
highest quality evidence for benefit (defined as lower prostate
cancer mortality) of screening was found in men aged 55 to
69 years. In men aged between 55 and 69 years, the guidelines strongly recommended shared decision making and
screening based on a man’s values and preferences. The only
difference in the new guidelines is that they now recommend
biennial screening to reduce the potential harms of screening.
And interestingly the new AUA Guidelines stand out to be in
disagreement with the US Preventive Services Task Force in
recommendation against Pca screening in all men, regardless
of age or risk, without even considering a discussion of the
risks and benefits of screening. The U.S. Preventive Services
Task Force recommends against PSA-based screening for Pca
as a grade D recommendation and this recommendation
applies to men in the general U.S. population, regardless of
age [18]. However, the AUA continues to support a man’s right
to be tested for Pca and to have the insurance pay for it, if
medically necessary [17].
Another debate going on around early detection is that we
still do not clearly know the consequences of the treatment
of early Pca detected by PSA screening. As mentioned above,
it is evident that PSA-based screening results in reduction
in prostate cancer-specific mortality, but it is associated with
harm related to subsequent evaluation and treatments, some
of which may be unnecessary [11, 18]. Therefore, informing a
potential patient about the risks and benefits of screening is
highly suggested and individual risk assessment is supported.
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3. New Biomarkers
Research for a new marker has focused on serum-based,
tissue-based and urine-based markers [19–21]. Despite extensive research efforts, very few biomarkers of Pca have been
successfully implemented into clinical practice today and
serum PSA test is still the most important biomarker for the
detection and followup of Pca. Numerous studies of serum-,
tissue, and urine-based prostate cancer biomarker candidates
have been presented the last ten years [19–21]. It is generally
accepted that unmet biomarker for prostate cancer should
be addressed to distinguish BPH from Pca, to detect the
aggressive forms from the indolent cases, and to identify the
metastatic cancer predictors. However, biomarkers for identifying the most aggressive subsets of this malignancy are still
missing. Briefly, PSA isoforms, pHi, and other combinations
seem to be promising among serum-based biomarker. Tissuebased biomarkers are classified as diagnostic dyes, which are
generally used to differentiate cancer with PIN and atypia,
and prognostic biomarkers, which are usually determined
on prostatic tissue using different techniques and are far
from being a screening tool [20]. Out of urine-based marker,
PCA-3 test is already in current daily practice and highly
satisfactory results are being reported [21].
PCA-3 test has recently been approved by FDA [21, 22].
PCA-3 test is a urine-based marker, in which urine collected
after a rectal exam and prostatic massage is highly specific
for Pca, and is not affected by prostate volume and chronic
prostatitis. It is also considered to be helpful in deciding
rebiopsies and in the followup of patients under AS [22].
PCA3 is a non coding RNA and the marker most specific to
Pca that is clinically available to date. PCA3 RNA expression
is restricted to the prostate, and it is not expressed in any
other normal human tissue or tumor. PCA3 RNA is highly
overexpressed in 95% of tumors compared to normal or
benign hyperplastic prostate tissue. Hessels et al. reported
a median of 66-fold upregulation of PCA3 in PCa tissue
compared with normal prostate tissue [23].
To assess the probability of PCa detection on prostate
biopsy, the quantitative PCA3 score was developed. The
score is defined as the ratio (PCA3 mRNA/PSA mRNA
X1,000), meaning that PCA3 expression is normalized with
PSA expression serving as a prostate housekeeping gene
[23]. Since a PCA3 score of 35 yielded the greatest diagnostic usefulness, demonstrating the optimal balance between
specificity and sensitivity, it was adopted as a cut-off score.
The average sensitivity and specificity of the PCA3 urine test
is relatively high at 66% and 76%, respectively, versus 47%
specificity for serum PSA [24].
To increase the predictive accuracy of the biopsy outcome
and identify men at risk for PCa, novel biopsy nomograms
were created, including that for PCA3. Auprich et al. have
recently assessed the accuracy of the previously reported
PCA3-based nomogram in a large European cohort of men
[25]. The nomogram helped identify PCa in 255 of 621 men
(41.1%) [25].
Another promising marker looks for an abnormal gene
change called TMPRSS2:ERG in prostate cells [26, 27]. Gene
alterations involving androgen regulated TMPRSS2 and ETS
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transcription factor genes were identified in prostate cancer
patients. TMPRSS2 fusion with the ETS family member, an
ERG, is the predominant variant in approximately 40% to
70% (about 50%) of patients with PCa. ERG is regarded
as a key PCa oncogene. Considering the high prevalence
of PCa, TMPRSS2:ERG fusion is the most common genetic
aberration described to date in human solid tumors [27].
The cells to be tested are found in urine collected after a
rectal exam. This gene change is found in more than 50% of
all localized prostate cancers [26]. It is rarely found in the
cells of men without prostate cancer. TMPRSS2-ERG has a
specificity of 97% and sensitivity of 96%, and currently it is
commercially available for clinical use in the US, and Europe
[26].
In a very recent PubMed and Web of Science database
search of the peer reviewed literature on urine-based testing
for Pca, in an attempt toward the detection of Pca in
urine, investigators have identified PCA3 and TMPRSS2:ERG
fusion transcripts as promising RNA markers for cancer
detection and possibly prognosis [28].

4. Genetics and Risk Assessment
In relation to investigations on genetic-based biomarkers, the
key to curing Pca will ultimately come from an understanding
of the genetic basis of this disease. Therefore, investigators
have focused on identifying and isolating the gene, or genes,
responsible for Pca [29]. Several high-penetrance genetic
variants have been identified in many genetic linkage and
genome-wide association studies around the world [29].
Many polymorphisms in genes, such as ELAC2 (locus HPC2),
RNase L (locus hereditary prostate cancer 1 gene (HPC1s)),
and MSR1, have been recognized as important genetic factors
that confer an increased risk of developing Pca in many
populations [29]. Tests to find abnormal Pca genes could also
help identify men at high risk who would benefit from more
intensive screening or from chemoprevention trials. Creation
of a personalized panel of single-nucleotide polymorphisms
(SNP) biomarkers may be important for the early and
accurate detection of this cancer [30]. As a result, the need
for a good biomarker is required to detect Pca earlier and
to provide tools to follow patients during the early stages of
the cancer. Furthermore, the use of a biomarker combination
panel needs to be considered, in order to increase diagnostic
accuracy.
A big enigma now facing men with prostate cancer and
their doctors is figuring out which cancers are likely to
stay within the gland and which are more likely to grow,
spread, and definitely need treatment. In other words, worldwide accepted criteria to define low-intermediate-high risk
prostate cancer are needed. The definition of high risk, which
is still a matter of debate, was classically defined by Bastian
et al. as any combination of the following factors: a prostatespecific antigen (PSA) score >20 ng/mL, a Gleason score of
8–10, or clinical stage T2C or greater [31]. Patients with high
risk disease, which accounts for ≤15% of all new diagnoses,
are more or less the focus of radical prostatectomy, either as
mono- or multimodel therapy concept [31].
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The potential complications of overdiagnosis and overtreatment have resulted in arguments about screening and
introduced a new management approach called active
surveillance as summarized above. The recent discovery of
more than the 30 so-called prostate cancer susceptibility
genes suggests the possibility of targeted screening of those
men who have the highest risk of developing the aggressive
form of Pca [28–30]. This could eventually help us to tell
which men need treatment and which might be better served
by active surveillance. For example, the product of a gene
known as EZH2 seems to appear more often in advanced
prostate cancers than in those at an early stage [32]. Further
studies will also be performed to try to block, or modify, the
offending genes in order to prevent or alter the progression of
prostate cancer.

5. Promising New Medical Treatment Options
On the other hand “Gene Therapy,” which is a process of
introducing genetically engineered material, usually DNA,
into the body, is an evolving treatment option for Pca, but
currently for advanced disease [33]. In a recently published
report, experts reviewed the progress being made in gene
therapy for Pca [33]. Overall, most of the more than 90 clinical
protocols using gene therapy in Pca cancer patients in the
National Institutes of Health database used adenoviral vectors
[33]. While adenoviral gene therapy strategies in Pca patients
were proved to be safe thus far, scientists are still struggling
to identify which approaches should be considered and
improved. However, experts must first conduct randomized,
well-controlled Phase 3 trials, and that point has not yet been
reached [33, 34].
Virus therapy, also known as “oncolytic virus therapy,”
is a new potential treatment strategy for advanced prostate
cancer patients and is still in the early stages of investigation.
A virus chosen to treat cancer is called an oncolytic virus, and
once it is introduced to the prostate cancer cells, it replicates
and kills tumor cells selectively [35]. The progeny viruses
produced within the cancer cells are then released, and they
spread and infect other cancer cells that surround it. This
cycle continues and results in the killing of more and more
cancer cells. Because oncolytic viruses are not able to replicate
in healthy cells, normal tissue is not damaged [35, 36]. Experts
believe that the development of oncolytic virus therapy will
eventually lead to a promising treatment option for men
who have Pca, but ethical issues prevent these investigations
among men with localized Pca.
There are also two “vaccines” commercially available
for the management of advanced stage Pca [37, 38]. However, vaccines to prevent the disease in the early stage are
awaited. Unlike vaccines against infections like measles or
mumps, these currently available vaccines are designed to
help treat, not prevent, prostate cancer. An example of
this type of vaccine is Sipuleucel-T (Provenge), which has
received FDA approval. Although clinical experience with
this vaccine is limited, it has been shown to improve survival
in patients whose cancer has become resistant to hormones.
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However, the cost of each treatment course is enormous—
about $100,000, because doses of Sipuleucel-T are unique and
individually prepared for each patient.
The other available Pca vaccine (PROSTVAC-VF) uses a
virus that has been genetically modified to contain PSA but
is still investigational. The patient’s immune system should
respond to the virus and begin to recognize and destroy
cancer cells containing PSA. Early results with this vaccine
have been promising [38]. Several other prostate cancer
vaccines are also in development.
There are great advances in the medical treatment of
advanced and metastatic disease, but this topic is out of the
scope of this review. However, once the efficacy of these new
compounds for advanced and incurable disease has been
established, these agents may be explored as an adjuvant
and neoadjuvant treatment in order to increase the chance
of cure for localized disease. And abiraterone, especially, a
new compound used for metastatic disease may be offered
to patients with localized prostate cancer who refuse radical
treatment options.

6. Life Style and Diet
Life style and dietary alterations are also believed to alter the
progression of prostate cancer [39]. Observational evidence
show that there is a relationship between the so-called energy
balance factors (i.e., diet, physical activity, and body weight)
and risk of cancer recurrence as well as mortality in cancers of
the breast, prostate, colon, and, perhaps, other cancers. Furthermore, individuals who make favorable changes in these
lifestyle factors after cancer diagnosis feel better, experience
less fatigue, and may possibly even decrease risk of cancer
recurrence [39]. Other lifestyle behaviors, such as smoking
and alcohol consumption, have also been linked to the development of common cancers and may have important health
consequences for cancer survivors. An interesting study has
shown that in men with a rising PSA level after surgery
or radiation therapy, drinking pomegranate juice seemed to
slow the time it took the PSA level to double [40]. Larger
studies are now trying to confirm these results. Supporting
the role of pomegranate as a strong antioxidant, investigators
highly suggest the use of pomegranate extracts in the therapy
of erectile dysfunction, benign prostatic hyperplasia, and
Pca [41]. Therefore, patients with localized Pca may also be
advised to consume pomegranate juice.
Some encouraging early results have also been reported
with flaxseed supplements. Studies indicate that enterolactone and enterodiol, mammalian lignans derived from
dietary sources such as flaxseed, sesame seeds, kale, broccoli,
and apricots, may impede tumor proliferation by inhibiting
activation of nuclear factor kappa B (NF𝜅B) and vascular
endothelial growth factor (VEGF) [42]. One randomized
controlled study in men with early Pca before surgery found
that daily flaxseed seemed to slow the rate at which Pca
cells multiplied [43]. More research is needed to confirm
this finding. Another study found that men who chose
not to have treatment for their localized Pca may be able
to slow its growth with intensive lifestyle changes [44].
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The men ate a vegan diet (no meat, fish, eggs, or dairy
products) and exercised frequently, and the authors observed
a slight diminishment in the serum PSA levels after one year.
However, it is not known if this effect will last longer since the
report only followed the men for 1 year.

7. Advances in Diagnosis
Researchers also keep on searching how to improve the
diagnostic accuracy of transrectal ultrasound guided biopsy
(TRUS-bx), which currently the basic way to diagnose Pca
[45]. It is well-known that standard ultrasound may not
detect some areas containing cancer. Therefore, a newer
approach is to measure blood flow within the gland using
a technique called “color Doppler ultrasound” since tumors
often have more blood vessels around them than normal
tissue. It may make prostate biopsies more accurate by helping
to ensure that the right part of the gland is sampled. An
even newer technique may enhance color Doppler further,
called “contrast enhanced color Doppler US.” It involves
first injecting the patient with a contrast agent containing
microbubbles. Promising results have been reported, but
more studies are needed before its use becomes common [45].
Apart from a possible role in the diagnosis of PCa, elasticity imaging techniques may monitor high intensity focused
ultrasound (HIFU) results in prostate cancer, because HIFUablated lesions are stiffer than the surrounding normal
untreated tissue [45]. Promising results have recently been
published, but further clinical trials are needed before this
application can be considered established.
There are increasing number of publications regarding
the use of MRI in the diagnosis of prostate cancer [46,
47]. Magnetic resonance (MR) imaging currently plays a
pivotal role in pretreatment assessment of prostate cancer.
Multiparametric MR imaging, a combination of anatomic
and functional MR imaging techniques (diffusion-weighted
imaging, dynamic contrast material-enhanced imaging, and
MR spectroscopy), significantly improves the accuracy of
tumor localization and local staging [48]. MRI anatomic
imaging with spectroscopic evaluation analyzes cellular
metabolites within the prostate and their changes in PCa
[49]. In the prostate, choline and citrate are the important
metabolites [49]. Choline is an important component of
cell membranes, integrated into the phospholipid bilayer.
Prostate malignancy is hypothesized to lead to increased
choline because of increased cell proliferation. Citrate is a
component of the citric acid cycle that normally accumulates
within the glandular ducts formed by prostate epithelial cells.
Prostate malignancy is thought to lead to decreased choline
levels by means of increased tumor metabolic activity and
decreased glandular differentiation [49]. An accuracy up to
90% has been reported with dynamic contrast-enhanced MRI
in detection and localization of prostate [48]. Therefore, MRI
can especially help to guide prostate biopsies in men who
previously had negative TRUS-guided biopsies [47, 49, 50]. In
a very recent paper, the role of “MRI-targeted TRUS-guided
transperineal fusion biopsy” in the diagnosis of Pca was evaluated in 347 consecutive patients [50]. The majority of these
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patients had a history of negative TRUS-guided biopsies. In
the study, all patients underwent multiparametric (mp) MRI
at 3T and received systematic stereotactic prostate biopsies
plus MRI-targeted TRUS-guided biopsies in case of MRI
abnormalities [50]. The investigators were able identify Pca in
58% of the samples and concluded that MRI-targeted TRUSguided transperineal fusion biopsy provides high detection
rates of clinically significant tumors. However, they also
underline that this technique still has some limitations, and
therefore systematic biopsies should currently not be omitted
[50]. Similarly, a median Pca detection rate of 42% has been
reported in a recent meta-analysis [51].
Another advantage offered by new MRI technologies is
that anatomic MR imaging provides highly accurate local
staging information, particularly about extraprostatic extension and seminal vesicle invasion for pretreatment planning
(especially for external beam radiotherapy and brachytherapy) [48]. The dominant intraprostatic tumor and local
recurrence in the prostatectomy bed can be better localized
with multiparametric MR imaging for dose painting [48].
MRI can also be used in early posttreatment evaluation after
brachytherapy [48].
Furthermore, MRI is becoming more important in the
followup of patients under AS [52]. Enhanced MRI may also
help us to detect lymph nodes that contain cancer better
than conventional CT and MRI. A newer type of positronemission tomography PET scan that uses radioactive carbon
acetate instead of FDG may also be helpful in detecting Pca
in different parts of the body, as well as helping to determine
if treatment has been effective [49]. Studies of this technique
are now in progress [49].

8. Active Surveillance
In addition to advances in the screening, prevention, and
diagnosis of Pca, researchers spent a big effort on treatment
options and their comparative results. Despite a large number
of publications on this area, little is known about the relative
effectiveness and harms of treatments because of the paucity
of randomized controlled trials. Recently, the Departments
of Veterans Affairs/National Cancer Institute/Agency for
Healthcare Research and Quality Cooperative Studies Program Study no. 407: Prostate Cancer Intervention Versus
Observation Trial (PIVOT) reported a multicenter randomized controlled trial, initiated in 1994, comparing radical
prostatectomy with watchful waiting in men with clinically
localized Pca [11]. In this large study, a total of 13.022 men
with prostate cancer at 52 US medical centers were considered
for potential enrollment and a total of 731 men agreed to
participate and were randomized [11]. PIVOT enrolled an
ethnically diverse population representative of men diagnosed with Pca in the United States. During the median
followup of 10.0 years, 171 of 364 men (47.0%) assigned to
radical prostatectomy died, as compared with 183 of 367
(49.9%) assigned to observation. Among men assigned to
radical prostatectomy, 21 (5.8%) died from prostate cancer
or treatment, as compared with 31 men (8.4%) assigned to
observation. The effect of treatment on all-cause and Pca
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mortality did not differ according to age, race, coexisting
conditions, self-reported performance status, or histologic
features of the tumor. Radical prostatectomy was associated
with reduced all-cause mortality among men with a PSA
value greater than 10 ng per milliliter and possibly among
those with intermediate-risk or high-risk tumors. As a conclusion, the authors state that radical prostatectomy did not
significantly reduce all-cause or Pca mortality, as compared
with observation, among men with localized prostate cancer
detected during the early era of PSA testing [11].
However, in a previous paper from the Scandinavian
prostate cancer group, comparing radical prostatectomy and
watchful waiting, it was concluded that radical prostatectomy
reduces Pca mortality and risk of metastases with little
or no further increase in benefit 10 or more years after
surgery [53]. Comparison of the data sample of eligible men
declining PIVOT participation as well as to men enrolled
in the Scandinavian trial indicated that PIVOT enrollees
are representative of men being diagnosed and treated in
the United States and are quite different from men in the
Scandinavian trial [11, 53].
Basically taking the results of the PIVOT study and the
Scandinavian study as well as the natural history of prostate
cancer into consideration, a relatively new management
concept called “active surveillance” has been introduced into
the practice. In this new management concept, definitive
treatment options of localized prostate cancer are deferred
until certain level of progression with the patient under close
control with serial serum PSA analyzes and repeats TRUSguided prostate biopsies [3]. Recent findings suggest that
detailed MRI studies as well as new prostate cancer markers
such as PCA-3 test are helpful in the followup of patients
under AS and especially in defining progression which is
an absolute indication for the timing definitive treatment
[47, 49].
AS means deferring treatment initially for a growing
proportion of men diagnosed with low-risk (i.e., low volume,
stage, and grade) Pca [54]. However, there is no worldwide
accepted consensus on defining exact criteria in order to offer
active surveillance to men with Pca [55]. Different institutions
use different criteria to include men into active surveillance
protocol [55]. In general, patients with PSA < 10, Gleason
score <3 + 3 or 3 + 4, and less than 3 positive cores on
TRUS biopsy are candidates for active surveillance. Men
under active surveillance are followed carefully with serial
PSA assessments, repeated biopsies, and in some cases other
tests intended to identify early signs of progression (such as
MRI and biomarkers).
The term “active surveillance” has supplanted “watchful
waiting,” but the two are not synonymous. The latter term is
generally applied to older men with significant comorbidity,
who were advised to defer treatment unless symptoms of
advanced disease developed, at which point palliative androgen deprivation could be offered. Active surveillance, on the
other hand, rests on the presumptions that the lead time from
diagnosis to clinical progression is usually long for low risk
disease and that at the first signs of higher-risk disease the
cancer can be treated, within the window of opportunity for
cure [54, 55].
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9. Radical Prostatectomy
Although new developments are being waited to be introduced into practice about biomarkers and genetics, the
surgical treatment (radical prostatectomy), which is currently
considered to be the gold standard in the management of
localized Pca, has almost achieved its excellence since its first
anatomical description by Walsh more than 30 years ago [3,
56]. The overall 25-year progression-free, metastasis-free, and
cancer-specific survival rates after anatomical radical prostatectomy were 68%, 84%, and 86%, respectively, although
there were significant differences in treatment outcomes
between men treated in the pre-PSA and PSA eras. In each
era, there were significant differences in progression-free,
metastasis-free, and cancer-specific survival [56]. Therefore,
the authors conclude that anatomical radical retropubic
prostatectomy continues to represent the gold standard in
the surgical management of clinically localized Pca to which
alternate treatment options should be compared.
Minimally invasive laparoscopic surgery and especially
“robot-assisted laparoscopic radical prostatectomy” has also
contributed a lot to the management of localized Pca. Robotassisted radical prostatectomy (RARP) is gaining increasing
acceptance among urologists and especially among patients
because of widespread advertisements, and it has become the
dominant technique in the United States despite a paucity
of prospective studies or randomized trials supporting its
superiority over RRP [57]. Although there is no prospectively
randomization with open radical prostatectomy, experts indicate that there is sufficient evidence in order to suggest RARP
as a valuable therapeutic option for clinically localized PCa
[57].
Further developments in robot assisted surgery such as
single port surgery may add some advantages to the surgical
management of localized Pca, but these techniques have some
serious limitations such as a very long learning curve and
lack of ideal instruments. With all these high technological
advances, expectations of patients with localized Pca have
also increased accordingly. These high expectations were
recently summarized and analyzed as “Trifecta” and more
recently as “Pentafecta” [58, 59]. Authors briefly believe
that “Pentafecta (cancer control, continence, and potency,
no postoperative complications, negative surgical margins)”
outcomes accurately represent patients’ expectations after
minimally invasive surgery for Pca and that this definition is
highly beneficial and can be used when counseling patients
with clinically localized disease [59]. And more recently, an
outstanding group of authors with high expertise in this field
have introduced the survival, continence, and potency (SCP)
classification in order to report the oncologic and functional
outcomes [60].

10. Radiation Therapy
Another radical treatment option for Pca is radiation therapy
[3]. Advances in technology are making it possible to target
radiation for Pca more precisely than in the past [61].
Currently used methods such as conformal radiation therapy (CRT), intensity modulated radiation therapy (IMRT),
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and proton beam radiation allow to treat only the prostate
gland and avoid radiation to normal surrounding tissues as
much as possible. These methods are expected to increase
the effectiveness of radiation therapy while reducing the side
effects. Studies are being done to find out which radiation
techniques are best suited for specific groups of patients with
Pca. There are also many studies under process in order to
improve the effectiveness of radiation therapy. So far, though,
no study has arised. Recently, a linear accelerator (CTlinac) has been introduced to improve results of radiotherapy
especially when prostate movements are problematic for
intensity-modulated radiotherapy [62].

11. New Horizons: Focal Therapy
Another area of research is “focal therapy” for localized Pca.
This approach attempts to mirror the evolution of breast
cancer treatment, which often involves “lumpectomy” as
part of the initial management of the disease. Similarly,
“partial nephrectomy” for small renal masses also represent a
logical model for focal therapy in localized Pca. Focal therapy
involves treatment of only that part of the prostate that is
affected by cancer and uses methods like cryotherapy, high
intensity focused ultrasonography (HIFU), and brachytherapy (seed implantation) to treat the cancer [63]. Several
energy modalities are being developed to achieve the trifecta
of continence, potency, and oncologic efficiency [63]. Focal
therapy is still at its infancy and its role is unclear because of
unresolved problems related to the lack of a proper method
for complete evaluation of cancer location within the prostate
and the potential coexistence of many different cancerous
areas within the same prostate. These alternatives are still considered to be “experimental” in guidelines [3]. However, with
the advances in imaging and especially in MRI, this approach
will find a special place between surveillance and radical
therapies in the management of localized Pca. In a recent
review, it was underlined that guidance of thermal therapies
for focal ablation of Pca will likely prove critically dependent
on MRI functioning in four separate roles, summarized as
device positioning, thermal monitoring of prostate ablation,
and depiction of ablated prostate tissue [64]. A fourth critical
role, identification of cancer within the gland for targeting of
thermal therapy, is more problematic at present but will likely
become practical with further technological advances [64].
As a conclusion, the management of localized Pca has
dramatically changed in the last decades. However, further
revolutionary changes in the diagnosis and management of
Pca are awaited in the near future. It may be difficult to
define a worldwide accepted screening policy because of
different health systems in each country but new markers
will soon be available in the market in order to increase the
specificity and sensitivity in the diagnosis of Pca. Investigators
have focused on identifying and isolating the gene, or genes,
responsible for prostate cancer, and this will obviously help us
to understand the basics of Pca. There are several promising
medical treatment options, which are already used or under
investigation for the management of metastatic Pca. But
researchers postulate that these new alternatives may get
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involved in the management of localized Pca in the future.
In addition to investigations in order to prevent Pca, it is
also clear that life style and diet modifications will help us
to decrease the prevalence of Pca. Advances in diagnostic
techniques will probably help us to define the disease in
the earlier stage in a less morbid way and will probably
let us decide whether to do active surveillance or perform
treatment especially with minimal invasive focal treatment
options in the majority of cases.
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We evaluated effect of dual gene silencing of Hsp27 and c-FLIP in doxazosin-induced apoptosis of PC-3 cell. After transfection using
Hsp27 and c-FLIP siRNA mixture (dual silencing), doxazosin treatment was done at the concentrations of 1, 10, and 25 𝜇M. We
checked apoptosis of PC-3 cells with and TUNEL staining. We also checked interaction between Hsp27 and C-FLIP in the process
of apoptosis inhibition. Spontaneous apoptotic index was 5% under single gene silencing of Hsp27 and c-FLIP and 7% under dual
silencing of Hsp27 and c-FLIP. When doxazosin treatment was added, apoptotic indices increased in a dose-dependent manner (1,
10, and 25 𝜇M): nonsilencing 10, 27, and 52%; Hsp27-silencing: 14, 35, and 68%; c-FLIP silencing: 21, 46, and 78%; dual silencing: 38,
76, and 92%. While c-FLIP gene expression decreased in Hsp27- silenced cells, Hsp27 gene expression showed markedly decreased
pattern in the cells of c-FLIP silencing. The knockout of c-FLIP and Hsp27 genes together enhances apoptosis even under 1 𝜇M,
rather than low concentration, of doxazosin in PC-3 cells. This finding suggests a new strategy of multiple knockout of antiapoptotic
and survival factors in the treatment of late-stage prostate cancer refractory to conventional therapy.

1. Introduction
Advanced prostate cancers eventually progress to the terminal stage of castration refractory prostate cancer (CRPC)
which is not responsive to most of treatment modalities.
Docetaxel-based chemotherapy has been the mainstay of
treatment for this metastatic CRPC, and recently, other
anticancer drugs such as cabazitaxel or abiraterone acetate are
allowed for use, but their therapeutic benefits are still not that
sufficient [1–4].
Researchers consider some defects in apoptotic signaling
pathway or abnormal overexpression of antiapoptotic factors
as the main causes of treatment resistance in patients with
late-stage prostate cancer [5].
Among those antiapoptotic factors, bcl-2 [6], clusterin [7], heat shock prostein 27 (Hsp27) [8, 9], cellularFLICE inhibitory protein (c-FLIP) [10], and GRP78 [11]
have been widely reported. Overexpression of these factors

could be induced by androgen deprivation therapy (ADT),
chemotherapy, or other extreme stresses.
Recently, new therapeutic ways of blocking these factors
are being developed as new drugs, and among them, clusterin
ASO is now on Phase 3 clinical trial [12]. While knockdown of
each factor alone can exert apoptosis inducing effect, blocking
several factors which have some different pathways together
may enhance apoptosis in prostate cancer cells. This concept
can be applied to the development of new therapy against
prostate cancer.
Hsp27, one of small Hsps, inhibits key effectors of the
apoptotic pathway at the pre- and postmitochondria levels
[13]. In prostate cancer, Hsp27 is associated with pathologic
stage, Gleason score, lymph node metastasis, shorter biochemical recurrence, and poor clinical outcome [14, 15].
The c-FLIP is an inhibitor of apoptosis downstream of the
death receptors Fas, DE4, and DR5 [16]. The expression of
c-FLIP is closely related to the resistance to tumor necrosis
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factor-related apoptosis-inducing ligand (TRAIL) and FASmediated apoptosis in prostate and bladder cancers [17–19].
Therefore, c-FLIP is regarded as a new therapeutic target for
relevant cancers [20].
Dual silencing is reported to be effective in augmenting
biologic effect on laboratory level and technically feasible [21].
Doxazosin, an quinazoline derivative 𝛼1 adrenoreceptor
antagonist, has been known to exert antitumor effect via
induction of apoptosis in PC-3 cancer cells [22]. Doxazosin
induces apoptosis via not an 𝛼1-adrenoceptor-dependent
action but a death receptor-mediated pathway [23].
In this present study, we investigated the enhanced effect
of double knockout of Hsp27 and c-FLIP genes using siRNA
technology in PC-3 prostate cancer cells and also tried to find
out whether there is any interactive role between the 2 factors
by observing the expression of one factor under silencing of
the other factor.

2. Materials and Methods
2.1. Cell Lines. PC-3 cells obtained from American Type Culture Collection (Bethesda, MD, USA) were maintained in F12 medium. We compared as group treated scrambled siRNA,
AI-LNCaP-scr-siRNA.
2.2. Doxazosin Treatment. Doxazosin (Sigma Aldrich Korea,
Seoul, Korea) was prepared as described in a previous study
[7]. Cultures at 80% confluence were changed to fresh media
and treated with doxazosin or serum-free media containing
0.25% DMSO as control.
2.3. Transfection with siRNA. The mRNA target sequences to
Hsp27 (GeneBank Accession no. X54079.1) and c-FLIP (Gene
ID: 8837) were designed using a siRNA template design tool
(Ambion, Austin, TX, USA), and siRNA was prepared with
a Silencer siRNA construction kit (Ambion). Three oligonucleotides Hsp27-1 (5 -GACCUACCGAGGAGCUUUCdTT3 ), Hsp27-2 (5 -UCGAGGCCCUGUAACUUG-3 ), and
Hsp27-3 (5 -CAGUAGUUCGGACAAACGAAGA-3 ) were
designed based on the publicly released Hsp27 DNA
sequence and another three oligonucleotides FLIP-1, FLIP-2,
and FLIP-3 designed for c-FLIP. The siRNAs were transfected
into PC-3 cells with Lipofectamine 2000 (Invitrogen)
employing 50 nM in 250 𝜇L Opti-MEM medium/60 mm
culture dish. The transfected cells were allowed to grow for
24, 48, and 72 h at 37∘ C in a 5% CO2 incubator.
2.4. Total RNA Extraction, Conventional RT-PCR, and RealTime RT-PCR. Total RNA was extracted using the TRIzol
method (Invitrogen, Carlsbad, CA, USA). Cells (5.0 × 105 )
were mixed in a test tube with 1 mL TRIzol solution. Prepared
RNA was denaturated at 65∘ C for 15 min in a volume of 30 𝜇L
and cooled on ice for at least 1 min. 2.0 𝜇g of denatured RNA
were then annealed by addition of reaction mixture to a total
volume of 20 𝜇L (4.0 𝜇L of 5× RT buffer, 10 pmol of primers,
2.0 𝜇L of 25 mM MgCl2 , 2.0 𝜇L of 10 mM dNTPs, and 0.2 𝜇L
of 1 M DTT in nuclease-free water) and incubated at 42∘ C
for 70 min. The reaction was terminated at 95∘ C for 5 min,
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chilled on ice for 5 min and collected by brief centrifugation.
To remove RNA, 1 𝜇L of RNase H was added to each tube
followed by incubation at 37∘ C for 20 min. 1 𝜇L of cDNA was
used for each PCR reaction.
PCR was performed with an SLAN real-time PCR detection system (LG Life Science, Korea) and SYBR Green
reagents (Invitrogen, Carlsbad, CA, USA). Specific primers
for human GAPDH, Hsp27, and c-FLIP were designed to
work in the same cycling conditions (50∘ C for 2 min to permit
uracil N-glycosylase cleavage, 95∘ C for 10 min, followed
by 40 cycles of 95∘ C for 15 s, and 60∘ C for 1 min). The
specificity of the nucleotide sequences chosen was confirmed
by conducting basic local alignment search tool searches. We
used 1.0 𝜇L of the reverse transcriptase product for PCR in a
final volume of 25 𝜇L.
2.5. Western Blot Analysis. Preparation of total cell lysate and
the procedures for Western blot analyses were performed
essentially as described previously [16]. The antibody against
c-FLIP was purchased from Santa Cruz Biotechnology (Santa
Cruz, CA, USA). Antibody for Hsp27 was purchased from
Millipore (Millipore, MA, USA). The quantity of the applied
protein was normalized with anti-actin polyclonal antibody
(Sigma Aldrich Korea, Seoul, Korea).
Samples with equal amounts of protein (20 𝜇g) from
lysates of cultured PC-3 cells were subjected to SDS-PAGE
and then transferred to a PVDF filter. The filters were blocked
in TBS containing 5% nonfat milk powder at 4∘ C overnight
and then incubated with each of diluted primary antibodies
(Actin: 1 : 10,000; Hsp27: 1 : 1,000; c-FLIP: 1 : 2,000; Santa
Cruz, CA, USA) for 1 hour.
2.6. Immunofluorescence and TUNEL Staining. Cells on coverslips were rinsed with 1× phosphate-buffered saline (PBS)
and then fixed with ice-cold methanol for 15 min. Samples
were further permeabilized with PBS containing 0.025%
Triton-X detergent (1× PBS-TX) for 10 min and blocked with
3% BSA in 1× PBS for 30 min. Cells were incubated with each
of the primary antibodies (Hsp27: 1 : 100; c-FLIP: 1 : 50; Santa
Cruz, CA, USA) for 1 hour at room temperature. Cells were
washed 3 times for 5 mins with 1× PBS-TX and then incubated
with green fluorescent- (FITC-) conjugated secondary antibodies (goat anti-mouse IgG and goat anti-rabbit IgG, Santa
Cruz, CA, USA). Nuclei were counterstained with Hoechst
33258 (Sigma Chemical, St. Louis, MO, USA).
For TUNEL assays, fixed cells were incubated with an
equilibrium buffer for 5 min using the in situ apoptosis
detection kit, Fluorescein (ApopTag; Roche, BMS), and
then treated in reaction buffer with 10 units of terminal
deoxynucleotidyl transferase and 1 unit of deoxyuridine
triphosphate-digoxigenin at 37∘ C for 1 hour. The reaction
was terminated by adding stop/wash buffer and then washed
twice with Tris buffer. Antidigoxigenin-FITC was added and
reacted at 37∘ C for 30 min. After washing with distilled
water, nuclei were counterstained with Hoechst 33258 (Sigma
Chemical, St. Louis, MO, USA), and apoptosis in the cells was
observed under a fluorescent microscope. Cells with green
fluorescent (FITC) colored nuclei were considered apoptotic.
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Figure 1: RT-PCR bands show effective silencing of the heat shock protein 27 (Hsp27) and c-FLIP gene expression in PC-3 cells after small
interfering RNA (siRNA) treatment.

For quantifying apoptotic cells, apoptotic and total cells were
counted in 5 random fields scoring between 300 and 500
cells, and the numbers of apoptotic cells were expressed as
percentages of the total cell population. Immunofluorescent
staining slides and TUNEL staining slides were observed with
microscope (TE-300, Nikon, Japan).
2.7. Statistical Analysis. Data are expressed as mean ± SD or
median (interquartile range).

3. Results
3.1. Assessment for Hsp27 and c-FLIP RNA Interference with
siRNAs in PC-3 Cells. For downregulation of Hsp27 expression in PC-3 cells, three different Hsp27-specific siRNAs
(Hsp27-1, Hsp27-2, and Hsp27-3) were used for transfection
studies. As a control, cells were transfected with siRNA
against scrambled sequence. To determine the efficiency
of the downregulation of Hsp27 expression in PC-3 cells,
mRNA levels of Hsp27 were counted by RT-PCR. Fortyeight hours after transfection, Hsp27-2 siRNA downregulated
Hsp27 mRNA level to approximately 17% of control level.
The downregulation of Hsp27 expression caused by Hsp272 siRNA-mediated silencing was maintained until 72 hours
(Figure 1).
Similar to Hsp27, three kinds of siRNAs (c-FLIP-1, cFLIP-2, and c-FLIP-3) were used for c-FLIP silencing in
PC-3 cells. c-FLIP-1 siRNA downregulated c-FLIP mRNA
level to approximately 14% of control level after 48 hours

of transfection. Among three siRNAs, The c-FLIP-1 siRNAmediated silencing decreased c-FLIP mRNA expression until
72 hours (Figure 1).
Endogeneous expression of Hsp27 in Hsp27-2 siRNAtransfected PC-3 cells was reduced approximately to 14.6%
of control level after 48 hours after transfection when measured by Western blot analysis with an anti-Hsp27 antibody
(Figure 2). Likewise, Western blot analysis for anti-c-FLIP
antibody also revealed the reduction of endogeneous c-FLIP
expression in c-FLIP-1 siRNA-transfected PC-3 cells in 18.7%
after 48 hours and maintained until 72 hours (Figure 2).

3.2. TUNEL Analysis. Figure 3 shows the results of Hoechst
and TUNEL fluorescent staining for nuclear morphology and
patterns of apoptosis in Hsp27 and c-FLIP gene silenced PC3 cells when treated with doxazosin (1, 10, and 25 𝜇M) for 24
hours. Nuclear condensation and fragmentation, characteristic findings of apoptosis, were found in TUNEL-positive cells.
In the cells without siRNA transfection, the number of
TUNEL-positive cells was minimal under 1 𝜇M of doxazosin
treatment, but it increased gradually in a dose-dependent
manner, and finally a significant number of apoptotic bodies
were observed under 25 𝜇M of doxazosin treatment.
Compared to the nonsilenced cells, in the cells transfected
with either siRNA targeting Hsp27 or c-FLIP genes, the
numbers of TUNEL-positive cells were increased in all
concentrations of doxazosin. And when they were transfected
with both siRNAs targeting Hsp27 and c-FLIP gene together,
the number of TUNEL-positive cells was increased more
significantly in all concentrations of doxazosin. In this group
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Figure 3: In situ detection of apoptotic cells in siRNA (Hsp27, cFLIP, dual) transfected PC-3 cells after 48 hours at each dosage of
doxazosin treatment (1, 10, and 25 𝜇M). In situ detection of apoptotic
cells in prostate cancer cells was performed by 3 -end labeling with
digoxigenin-dUTP using terminal transferase.

of cells, TUNEL-positive cells were visible quite a lot even
with 1 𝜇M of doxazosin treatment.
Spontaneous apoptotic index was 5% under single gene
silencing of Hsp27 or c-FLIP and 7% under dual silencing of Hsp27 and c-FLIP genes together. When doxazosin
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Figure 4: Apoptotic indices in siRNA (Hsp27, c-FLIP) transfected
cells after 48 hours at each dosage of doxazosin treatment (1, 10, and
25 𝜇M).

treatment was added, apoptotic indices increased in the
dose-dependent manner (1, 10, and 25 𝜇M): nonsilencing
10, 27, and 52%; Hsp27 silencing: 14, 35, and 68%; c-FLIP
silencing: 21, 46, and 78%; dual gene silencing: 38, 76, and 92%
(Figure 4). Annexin V staining showed similar findings (data
not shown).
3.3. Cross-Checking for Hsp27 and c-FLIP RNA Interference
with siRNA for PC-3. The interaction between 2 factors
is investigated by observing the expression of one factor
under silencing of the other factor. When Hsp27 is silenced
successfully, c-FLIP gene expression was suppressed, and
when c-FLIP was inhibited by siRNA transfection, Hsp27
gene expression was also downregulated (Figure 5). Similar
findings were observed in protein level. Western blot analysis
showed that when c-FLIP was inhibited by siRNA transfection, Hsp27 protein expression was downregulated, and
protein expression of c-FLIP was suppressed when Hsp27
gene was silenced. Addition of 1 𝜇M of doxazosin enhanced
downregulation of c-FLIP protein expression induced by
Hsp27 gene silencing (37.5% → 16.4%) (Figure 6).
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4. Discussion
The experimental dose of doxazosin, 10–25 𝜇M, is relatively
higher than the serum concentration of patients treated with
doxazosin for their lower urinary tract symptoms (LUTS)
[24]. Thus, doxazosin at clinical dose cannot induce significant apoptosis in the patients with prostate cancer. Therefore,
the findings of new mechanisms showing the induction
of apoptosis at very low concentrations of doxazosin may
provide an evidence to put doxazosin as a new drug candidate
for treatment of prostate cancer [25].
Commonly used siRNA introduction techniques are
either direct introduction by transfection or introduction via
plasmids that express short-hairpin RNA (shRNA) precursors of siRNA [26]. In this study, siRNA was introduced by
the direct transfection way. We selected a proper oligo which
could knock out Hsp27 or c-FLIP gene after 48 hours of
siRNA transfection.
Rocchi et al. reported the effect of synthetic siRNA
targeting Hsp27 in PC-3 and LNCaP cells. According to their

reports, 1 nM of siRNA was effective to downregulate Hsp27
in mRNA and protein levels, resulting in 2.4–4-fold increase
of apoptotic rates and 40%–76% inhibition of cell growth.
Characteristic cleavage of caspase-3 was also observed [27].
Day et al. reported c-FLIP knockdown in MCF-7 breast
cancer cells. They observed knockdown of c-FLIP gene
with siRNA transfection triggering spontaneous apoptosis
and inducing FADD-mediated and DR-5-mediated apoptosis. They addressed c-FLIPL not c-FLIPs for having a
key role in preventing spontaneous death signaling and
suggested c-FLIPL as a therapeutic target for breast cancer [16]. Similarly, in a report on colorectal cancer cells,
Longley et al. observed that siRNA targeting c-FLIPL synergistically enhanced chemotherapy-induced apoptosis [28].
In our present study, TUNEL-positive apoptotic cells
increased twice with each siRNA transfection and increased
over 60% after a dual silencing of 2 genes. After single gene
silencing of Hsp27, apoptotic index was remarkably increased
in 10 and 25 𝜇M of doxazosin treatment condition. Similarly,
single silencing of c-FLIP gene enhanced doxazosin-induced
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apoptosis, but the degree of apoptosis was little higher in cFLIP group compared to Hsp27 group. It can be speculated
that while both factors are working as antiapoptotic factors
significantly, c-FLIP plays bigger role in resisting doxazosininduced apoptosis in PC-3 cells.
siRNA technology can be used in combined knockdown
of two genes involved in carcinogenesis or cancer progression
via dual silencing. Kaulfu𝛽 and colleagues reported that dual
silencing of insulin-like growth factor receptor and epidermal
growth factor receptor resulted in an increased apoptosis
rate and inhibition of cell proliferation in colorectal cancer
cells. Dual silencing is technically feasible and effective in
augmenting biologic effect in laboratory level. However, it
has not yet been widely established. The studies using this
method are limited to colorectal and breast cancers and are
also limited to the region of growth factor. As far as we know,
there has been no study blocking two different antiapoptotic
proteins in prostate cancer cells.
Both Hsp27 and c-FLIP have been known as strong
antiapoptotic mediators. While c-FLIP manifests its role
mainly in extrinsic apoptotic pathway, Hsp27 does mainly
in mitochondrial pathway. For this reason, we planned to
knock out these 2 factors which have different antiapoptotic
mechanisms together. We observed much more amount of
apoptotic bodies when these 2 factors are blocked together
by siRNA technology than individual silencing of Hsp27 or
c-FLIP alone. Furthermore, this effect could be seen in low
concentration of 1 𝜇M of doxazosin. These show that PC3 cells which could have resisted against apoptosis with the
help of 2 survival factors became susceptible to doxazosin
treatment when Hsp27 and c-FLIP are effectively knocked
down together. If applied to clinical situations, this result
suggests that multiple block of several antiapoptotic factors
which are overexpressed and helped cancer cells to resist to
treatment induced apoptosis can augment therapeutic effect
even in very low concentration of the drug.
We also observed that both factors interacted with each
other. c-Flip knockout downregulated the expression of
Hsp27, and similarly, silencing against Hsp27 decreased the
expression of c-FLIP in RT-PCR study. These findings suggest
that antiapoptotic functions of c-FLIP and Hsp27 are closely
related even when the main pathways are different. We
previously reported that siRNA targeting androgen receptor
reversed the expression of Hsp27, GRP78, clusterin, and cFLIP in long-term cultured androgen-independent LNCaP
cell lines [28, 29]. Through these observations, we can speculate that prostate cancer cells have their own peculiar features
of antiapoptotic mechanisms that include close interaction
between androgen receptor and several survival factors.

5. Conclusions
Dual silencing is technically feasible, and dual silencing
of c-Flip and Hsp27 enhances apoptosis even under 1 𝜇M,
rather than low concentration, of doxazosin in PC-3 cells.
This suggests a new strategy of multiple knockout of antiapoptotic and survival factors in the treatment of late-stage
prostate cancer refractory to conventional therapy. We also
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preliminarily observed that there was interaction between
c-FLIP and Hsp27 expression. Further studies revealing
detailed interactions between important survival factors and
androgen receptor can make another basis in reinforcing
therapeutic armaments combating fatal advanced prostate
cancer.
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Introduction. Although 90% of prostate cancer is considered to be localized, 20%–30% of patients will experience biochemical
failure (BF), defined as serum PSA >0.2 ng/mL, after radical prostatectomy (RP). The presence of circulating prostate cells (CPCs)
in men without evidence of BF may be useful to predict patients at risk for BF. We describe the frequency of CPCs detected
after RP, relation with clinicopathological parameters, and association with biochemical failure. Methods and Patients. Serial blood
samples were taken during followup after RP, mononuclear cells were obtained by differential gel centrifugation, and CPCs identified
using standard immunocytochemistry using anti-PSA monoclonal antibodies. Age, pathological stage (organ confined, nonorgan
confined), pathological grade, margin status (positive, negative), extracapsular extension, perineural, vascular, and lymphatic
infiltration (positive, negative) were compared with the presence/absence of CPCs and with and without biochemical failure. Kaplan
Meier methods were used to compare the unadjusted biochemical failure free survival of patients with and without CPCs. Results.
114 men participated, and secondary CPCs were detected more frequently in patients with positive margins, extracapsular extension,
and vascular and lymphatic infiltration and were associated with biochemical failure independent of these clinicopathological
variables, and with a shorter time to BF. Conclusions. Secondary CPCs are an independent risk factor associated with increased
BF in men with a PSA <0.2 ng/mL after radical prostatectomy, but do not determine if the recurrence is due to local or systemic
disease. These results warrant larger studies to confirm the findings.

1. Introduction
In the PSA era more than 90% of prostate cancer cases are
considered to be localized at the time of diagnosis; however,
20%–30% of these patients will experience biochemical
failure, usually in the first two years after surgery [1, 2].
Biochemical failure may occur as late as 10 to 15 years
after primary treatment, with a mean time of 8 years from
biochemical failure to the appearance of clinical metastasis

[1]. This suggests the persistence of tumor cells in a state
of either complete or near dormancy prior to metastatic
progression. It has been reported that disseminated tumor
cells in bone marrow predict biochemical failure after radical
prostatectomy [3]. Disseminated tumor cells (DTCs) in bone
marrow aspirates were detected in 57% of patients without
evidence of disease after radical prostatectomy and detected
in 45% of patients 5 years after surgery. These patients positive
for DTCs in bone marrow aspirates had a nearly 7-fold
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increased risk of biochemical failure compared with patients
DTC negative [3]. Although the risks of complications after
bone marrow aspiration are estimated to be approximately
0.4% [4], the use of circulating prostate cells in blood would
be easier to implement. It has been recently published that
circulating prostate cells (CPCs) are phenotypically identical
to DTCs and that both represent circulating cells in two
different tissue compartments in patients with prostate cancer
and not true micrometastasis [5]. Early dissemination of
cancer cells regardless of stage, grade, or tumor volume has
been previously reported; dissemination first occurs to the
neurovascular structures and then onto the circulation [6].
The majority of these cells will be eliminated by host defense
mechanisms; however a small number will implant in distant
tissues, survive, and in time proliferate. These cells will not be
eradicated by radical prostatectomy and may later be detected
in the circulation, secondary CPCs.
The purpose of this study was to describe the prevalence
of secondary CPCs after radical prostatectomy and determine
if this information would be clinically relevant and if there
was an association with biochemical failure.

2. Methods and Patients
2.1. Patient Selection. From January 2009 to December 2011
blood samples from consecutive prostate cancer patients were
prospectively collected for the purpose of detecting CPCs and
evaluating whether these cells were correlated with clinical
outcomes. All patients who had undergone radical prostatectomy at the author’s institution and all those seen during
followup were invited to participate. Samples were taken from
men at least three months after surgery and considered to
be without evidence of disease. This was defined as being
bone scan negative and a serum PSA <0.20 ng/mL. A group
of men with a serum PSA of 0.2–1.0 ng/mL and bone scan
negative was selected to represent men with biochemical
failure. All samples were obtained after written informed
consent and collected using protocols approved by the local
ethics committee.
2.2. Sample Collection and Cell Enrichment. 8 mL of venous
blood was collected in tubes containing EDTA (BecksonVacutainer). Mononuclear cells were obtained using gel
differential centrifugation using Histopaque 1,077 (SigmaAldrich) at room temperature according to manufacturer’s
instructions and finally washed 3 times in phosphate-buffered
saline pH 7.4 (PBS). The pellet was resuspended in 100 𝜇L
of autologous plasma and 25 𝜇L used to prepare each slide
(silanized DAKO, USA). The slides were air-dried for 24
hours and finally fixed in a solution of 70% ethanol, 5%
formaldehyde, and 25% PBS for 5 minutes and then washed
3 times with PBS.
2.3. Identification of CPCs. Slides were processed within 1
hour of fixation and incubated with anti-PSA clone 28A4
(Novocastra Laboratory, UK) in a concentration of 2.5 𝜇g/mL
for 1 hour at room temperature and identified using a
detection system based on alkaline phosphatase-antialkaline
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Table 1: Demographic details of the study population.

No. of patients
Initial stage

Group 1

Group 2

Group 3

Total

28

64

22

114

1

9

9

0

2

16

33

11

3

22

11

6 (5-6)

6 (5-6)

6 (5-6)

3.8 ± 1.6

3.2 ± 2.9

5.6 ± 3.6

3
Median Gleason
score (IQR)
Time from surgery
(years)

phosphatase (LSAB2 DAKO, USA) with new fuchsin as the
chromogen. To permit the rapid identification of positive
cells there was no counterstaining with Mayer’s hematoxylin.
Levamisole (DAKO, USA) was used as an inhibitor of
endogenous alkaline phosphatase. Positive and negative controls were processed in the same way.
Definition of secondary CPCs using the criteria of
ISHAGE was used to identify immunostained cells (7), a
cell positive for PSA with a nucleus (Figures 1(a) and 1(b)).
Samples were analyzed at low power and photographed at
a magnification of 400x using a digital camera, Samsung
Digimax D73, and processed with the Digimax program
for Windows 98. The immunocytochemical evaluation was
performed by a single person, blinded to the clinical details
using a coded system.
2.4. Statistical Methods. Descriptive statistics were used to
compare demographic and disease characteristics of patients
with and without biochemical failure. Univariate comparisons were tested using chi-squared and Kaplan Meier methods were used to compare the unadjusted free from biochemical failure of patients with and without CPCs detected.
Age, pathological stage (organ confined, nonorgan confined), pathological grade, margin status (positive, negative),
extracapsular extension (positive, negative), and perineural,
vascular, and lymphatic infiltration (positive, negative) were
compared with the presence/absence of CPCs and with and
without biochemical failure.
Because the time between radical prostatectomy and
the blood sampling was not standardized, two separate
models were considered. In the first model, the time under
observation started at the date of radical prostatectomy. In
the second the time under observation started at the time of
blood sampling after surgery. Patients who did not experience
biochemical failure were censored at the date of last followup.

3. Results
114 men with a mean age of 71.5 ± SD 8.2 years participated.
Table 1 shows the distribution of patients according to PSA
levels, pathological stage at diagnosis, and median time from
surgery to blood sampling. Men in Group 1 had significantly
less pT3 disease (𝑃 = 0, 04 chi-squared) than Group 2.
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(a)

(b)

Figure 1: (a) Leucocyte (PSA negative). (b) CPC PSA positive.

Table 2: Secondary CPC detection and association with clinical
parameters.

Table 3: Biochemical failure and association with clinical parameters.

Clinical parameter CPC (+)
Margin (+)
15
Margin (−)
23
Capsule (+)
24
Capsule (−)
14
Perineural (+)
27
Perineural (−)
11
Vascular (+)
15
Vascular (−)
23
Lymphatic (+)
13
Lymphatic (−)
25
Gleason 4
1
Gleason 5 + 6
31
Gleason 7
8
Gleason 8 + 9
8

Clinical parameter
Margin (+)
Margin (−)
Capsule (+)
Capsule (−)
Perineural (+)
Perineural (−)
Vascular (+)
Vascular (−)
Lymphatic (+)
Lymphatic (−)
Gleason 4
Gleason 5 + 6
Gleason 7
Gleason 8 + 9

CPC (−)
7
47
17
37
29
25
3
51
4
50
11 RR 1.00
23 RR 7.41
11 RR 4.00
1 RR 44.00

𝑃 = 0.003
𝑃 = 0.003
𝑃 = 0.09
𝑃 = 0.00005
𝑃 = 0.001

𝑃 = 0.015 for trends

Secondary CPCs were detected in 10/28 (35.7%) men
in Group 1, 27/64 (42.2%) in Group 2, and 15/22 (68.2%)
in Group 3. There was a significant tendency of increased
frequency of CPC detection with increasing serum PSA (𝑃 =
0.002 chi-squared for tendency) with a relative risk of 1.00,
1.31, and 3.86, respectively.
Secondary CPCs were detected more frequently in
patients with positive margins, extracapsular extension, and
vascular and lymphatic infiltration but not with perineural
infiltration (Table 2). There was a trend with increasing
frequency of CPC detection with pathological stage (𝑃 =
0.002 chi-squared for trends) with a relative risk of 1.00, 3.63
and 10.83 for stages pT1, pT2, and pT3, respectively, and with
increasing Gleason score (𝑃 = 0.015) with a relative risk of
1.00, 7.41, 4.00, and 44.00 for Gleason 4, 5 + 6, 7 and 8 + 9,
respectively.
3.1. Analysis of Biochemical Failure in Groups 1 and 2. 7/28
(25.0%) of men in Group 1 and 23/64 (35.9%) of men in Group
2 experienced biochemical failure within the study period
(𝑃 = 0.37 chi-squared). Comparing men with and without

BF (+)
8
22
14
16
25
5
10
20
8
22
0
18
8
4

BF (−)
14
48
24
38
30
32
8
54
8
54
12
36
11
5

𝑃 = 0.97
𝑃 = 0.53
𝑃 = 0.001
𝑃 = 0.02
𝑃 = 0.08

𝑃 = 0.05 for trends

biochemical failure, there were no significant differences in
the number of patients with margins positive 9/22 versus
22/70 (𝑃 = 0.64 chi-squared) or capsule compromised 14/38
versus 16/54 (𝑃 = 0.53 chi-squared). Biochemical failure
was more frequent in men with perineural infiltration 25/55
versus 5/37 (𝑃 = 0.001 chi-squared) and vascular infiltration
10/18 versus 20/74 (𝑃 = 0.021 chi-squared) but not with
lymphatic infiltration 8/16 versus 22/77 (𝑃 = 0.08 chisquared).
There was a trend of increasing biochemical failure with
increasing Gleason score, comparing Gleason 4, Gleason 5
+ 6, Gleason 7, and Gleason 8 + 9, (𝑃 = 0.05 chi-squared
for trends), with a relative risk of 1.00, 6.00, 8.70, and 9.60,
respectively (Table 3).
3.2. Association of CPC Status and Clinicopathological Parameters with Biochemical Failure. Incorporating the detection
of CPCs with the pathological parameters showed different results. 25/38 (65.8%) men CPC positive experienced
biochemical failure in comparison with 5/56 (8.9%) of men
CPC negative (𝑃 = 0.0001 chi-squared).

4
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Table 4: (a) Association of CPC status and margin status with
biochemical failure. (+) positive (−) negative, (b) Association of CPC
status and capsule status with biochemical failure, (c) Association of
CPC status and perineural infiltration with biochemical failure, (d)
Association of CPC status and vascular infiltration with biochemical
failure, (e) Association of CPC status and lymphatic infiltration with
biochemical failure.
(a)

(a) Margin (+) CPC (+)
(b) Margin (+) CPC (−)
(c) Margin (−) CPC (+)
(d) Margin (−) CPC (−)

Con biochemical failure Total RR
9
15 16.5
1
7 1.83
17
22 37.4
4
48 1.0
(b)

(a) Capsule (+) CPC (+)
(b) Capsule (+) CPC (−)
(c) Capsule (−) CPC (+)
(d) Capsule (−) CPC (−)

Con biochemical failure Total RR
13
22 12.6
1
16 0.58
12
15 35.0
4
39 1.0
(c)

(a) PN (+) CPC (+)
(b) PN (+) CPC (−)
(c) PN (−) CPC (+)
(d) PN (−) CPC (−)

Con biochemical failure Total RR
20
25
100.0
5
30
5.0
5
11
20.9
0
26
1.0
(d)

(a) V (+) CPC (+)
(b) V (+) CPC (−)
(c) V (−) CPC (+)
(d) V (−) CPC (−)

Con biochemical failure
10
0
15
5

Total
16
2
18
56

RR
17.0
3.4
51.0
1.0

Total
13
3
25
52

RR
15.0
3.1
20.0
1.0

(e)

Con biochemical failure
(a) L (+) CPC (+)
8
(b) L (+) CPC (−)
0
(c) L (−) CPC (+)
17
(d) L (−) CPC (−)
5
(f)

Gleason 4
Gleason 5 + 6
Gleason 7
Gleason 8 + 9
Total

CPC (+)
1
31
8
8

BF
0
16
5
4

CPC (−)
11
23
11
1

BF
0
2
3
0

3.2.1. CPC and Margin Status (Table 4(a)). Men CPC (+)
margin (+) were more likely to experience biochemical failure
than men CPC (−) margin (+), 9/15 versus 0/7 (𝑃 = 0.022 chisquared); likewise men CPC (+) margin (−) were more likely
to experience biochemical failure than men CPC (−) margin

(−), 17/22 versus 4/50 (𝑃 = 0.0001 Chi-squared) (Table 6).
Comparing CPC (+) margin (+) with CPC (+) margin (−)
there was no significant difference (𝑃 = 0.16 chi-squared);
similarly there was no difference between CPC (−) margin
(+) and CPC (−) margin (−) (𝑃 = 1.00 Fisher two-tailed).
3.2.2. CPC and Extracapsular Extension (Table 4(b)). Men
CPC (+) capsule (+) were more likely to experience biochemical failure than men CPC (−) capsule (+), 13/33 versus 1/16
(𝑃 = 0.0008 Fisher two-tailed); likewise men CPC (+) capsule
(−) were more likely to experience biochemical failure than
men CPC (−) capsule (−) (𝑃 = 0.0001, Fisher two-tailed).
Comparing CPC (+) capsule (+) with CPC (+) margin (−)
there was no significant difference (𝑃 = 0.47); equally there
was no significant difference between CPC (−) capsule (+)
with CPC (−) capsule (−) (𝑃 = 1.00 Fisher two-tailed).
3.2.3. CPC and Perineural (PN) Infiltration (Table 4(c)). Men
CPC (+) PN (+) were more likely to experience biochemical
failure compared with CPC (−) PN (+) 20/25 versus 5/30 (𝑃 =
0.0001 chi-squared), similarly for men CPC (+) PN (−) versus
CPC (−) PN (−), 5/11 versus 0/26 (𝑃 = 0.001, Fisher twotailed). Comparing men CPC (+) PN (+) versus CPC (+) PN
(−) there was no significant difference (𝑃 = 0.056 Fisher twotailed). Similarly for CPC (−) PN (+) versus CPC (−) PN (−)
there was no significant difference (𝑃 = 0.055, Fisher twotailed).
3.2.4. CPC and Vascular (V) Infiltration (Table 4(d)). There
was no significant difference in biochemical failure between
CPC (+) V (+) and CPC (−) V (+) 10/16 versus 0/2 (𝑃 =
0.18 Fisher two-tailed); however, men CPC (+) V (−) were
more likely to experience biochemical failure than men CPC
(−) V (−) 15/18 versus 5/56 (𝑃 = 0.0001 Fisher two-tailed).
Comparing V (+) versus V (−) in men CPC (+) there was no
difference (𝑃 = 0.25 Fisher two-tailed) or comparing V (+)
versus V (−) in men CPC (−) (𝑃 = 1.00 Fisher two-tailed).
3.2.5. CPC and Lymphatic (L) Infiltration (Table 4(e)). There
was no significant difference in biochemical failure between
CPC (+) L (+) and CPC (−) L (+) (𝑃 = 0.2 Fisher two-tailed);
however men CPC (+) L (−) were more likely to experience
biochemical failure than men CPC (−) L (−) (𝑃 = 0.0005
Fisher two-tailed). There were no significant differences in
biochemical failure between CPC (+) L (+) versus L (−) or
CPC (−) L (+) versus L (−).
3.2.6. CPC and Gleason Score (Table 4(f)). There was no
significant difference in biochemical failure in relation to the
Gleason score in men CPC (+) or in relation to the Gleason
score in men CPC (−) nor was there a trend for increasing
failure with increasing Gleason score in the two groups, CPC
(+) and CPC (−).
3.2.7. Frequency of Biochemical Failure in CPC Positive and
Negative Men with Time from Surgery. Men CPC positive had
a higher frequency of biochemical failure during the first 5
years after surgery; however both CPC positive and negative
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Table 5: Kaplan Meyer plot for men without biochemical failure with time after radical prostatectomy.

CPC (+)
CPC (−)

0 years
100% 38/38
100% 54/54

1 year
38/38
54/54
𝑃 = 1.00

2 years
26/31
52/53
𝑃 = 0.02

3 years
24/28
44/44
𝑃 = 0.02

4 years
18/24
39/40
𝑃 = 0.009

5 years
13/17
28/29
𝑃 = 0.06

6 years
9/14
13/14
𝑃 = 0.16

7 years
6/7
8/9
𝑃 = 1.00

Table 6: Uncensored Kaplan-Meier of men without biochemical failure comparing CPC (+) versus CPC from time of blood sampling.

CPC (+)
CPC (−)

𝑇=0
100% (38/38)
100% (54/54)

𝑇 = 1 year
74% (28/38)
100% (54/54)
𝑃 = 0.00006

men continued to experience biochemical failure after 5 years
(Table 5 and Figure 2).
3.2.8. Frequency of Biochemical Failure in CPC Positive and
Negative Men with Time from First Blood Sample. Men CPC
positive had a higher frequency of biochemical failure at 1, 2,
and 3 years of followup (Figure 2).

4. Discussion
The object of this study was to describe the prevalence of
CPCs after radical prostatectomy. The high rate of dissemination prior to treatment has been used as a sequential method
to detect prostate cancer [7]; however with surgical removal
of the primary tumor, the primary source of circulating tumor
cells is eradicated. Circulating tumor cells detected after
primary treatment (secondary CPCs) therefore disseminate
from a micrometastatic focus which may be local from the
prostate bed or surrounding tumor or systemic from distant
tissues. 40.2% of cases without evidence of biochemical failure had secondary CPCs detected using standard gel differential centrifugation and immunocytochemistry, including
patients initially CPC negative and with the appearance of
secondary CPCs >5 years after surgery. The 40.2% of men
positive for secondary CPCs is less than the 57% of men
with DTCs after prostatectomy reported by Morgan et al.
[3]. However, our study group included stage T1 patients
which may explain this difference. An alternative explanation
is that CPCs are actively disseminating tumor cells; thus in
patients without active dissemination of tumor cells but with
dormant bone marrow micrometastasis the frequency of CPC
detection will be less as has been suggested [5].
The population studied experienced biochemical failure in 32.6% of patients, comparable to the internationally published data. Known clinical-pathological risk factors
correlated with the occurrence of biochemical failure were
associated with a higher frequency of CPC detection, except
for perineural invasion.
Not all these clinic-pathological risk factors were associated with biochemical failure; positive margins and compromise of the capsule by tumor were not associated. Perhaps
more importantly the presence of secondary CPCs was

𝑇 = 2 years
45% (9/20)
91% (31/33)
𝑃 = 0.0001

𝑇 = 3 years
20% (1/5)
77% (14/17)
𝑃 = 0.02

associated with biochemical failure independent of these
clinicopathological variables. Assuming that patients negative for CPC detection and known risk factor had the least
possibility of biochemical failure, the relative risk of failure
was significantly higher in patients CPC positive independent
of the status of the clinical variable.
Surprisingly the presence of positive margins was not
associated with biochemical failure, maybe due to the short
time of followup in our patients. Ploussard et al. [8] reported
that although positive margins were detected in 25.6% of
cases, only 14.7% of the 1943 patients studied experience
biochemical failure, the 5-year biochemical free survival
being reported as 57.5% in margin positive patients compared
with 84.4% in men margin negative. In men with pT2N0
cancer positive margins were not associated with biochemical
failure [9].
Biochemical failure has been associated with perineural
inversion [10], but there are conflicting reports [11] where a
significant association has not been demonstrated. Vascular
invasion has been reported to be associated with biochemical
failure but added minimally to prediction models incorporating established risk factors during short follow up periods
[12].
Our data using CPCs differs from the data reported
by Morgan et al. [3] using the detection of DTCs in bone
marrow aspirates, where the surgical margin was not associated with DTCs nor was pathological stage. There was
a trend for increasing CPC detection frequency associated
with increasing serum PSA and increasing Gleason score,
which again was not seen in the study of DTCs by Morgan
et al. [3]. However, in contrast there are published reports
that primary CTCs, DTCs and micrometastasis are not
associated with the Gleason score before primary therapy
and that DTCs and micrometastasis after primary therapy are
associated with Gleason score [5]. What may be important is
that although increasing Gleason score was associated with
an increased frequency of CPCs detected, in patients after
radical prostatectomy those with CPCs had an increased risk
of biochemical failure independent of Gleason score. This
can be explained by that patients with higher Gleason scores
have a higher chance of having subpopulations of cancer cells
that can disseminate and implant in distant tissues. However,
patients with implanted or micrometastatic cells all have a
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Figure 2: Kaplan-Meier plot time free of biochemical failure from time of (a) surgery and (b) blood sampling.

higher risk of biochemical failure and thus are independent
of Gleason score.
Our results differ from those using DTCs, which may
be explained in part by the use of differing biomarkers.
Morgan et al. used anti-Ber4 anti-epithelial antibody, while
we used anti-PSA. In higher grade tumors there can be
decreased epithelial antigen expression and if as suggested
that DTCs are circulating tumor cells, the transition epithelial
mesodermal that is suggested to occur during dissemination
may account for decreased epithelial antigen expression. The
widely accepted concept that all cytokeratin and/or EpCAM
positive, CD45 negative cells with a nucleus in cancer patients
are circulating tumor cells (CTCs) has imposed a clear
bias on the study of CTCs. Mainly the failure to include
tumor cells that have reduced or absent cytokeratin and/or
EpCAM expression and the failure to identify such cell types
limit investigations into additional tumor types. EpCam is
expressed in most but not all tumors [13]; there is downregulation with cancer progression and metastasis; cytokeratins
are heterogeneously expressed in tumor cells and also may
be downregulated during disease progression or in poorly
differentiated tumors. During the progression of epithelial
to mesenchymal transition both markers are downregulated
[14]; EpCAM may be downregulated to allow epithelial cell
dissociation from the tumor and cytokeratin downregulated
to facilitate cell plasticity and migration [15]. However, Fizazi
et al. [16], using anti-BerEP-4 epithelial antigen combined
with telomerase activity, detected primary CPCs in 79% of
patients with localized cancer, which suggests that the antiBerEP-4 may be appropriate to detect DTCs.

To date, there are few published studies evaluating the
significance of CPCs in prostate cancer patients after radical
prostatectomy. Using rt-PCR in 50 patients it was reported
that in men with a rising PSA 47% of patients had CPCs
detected in comparison with 3% without a rising PSA [17].
In men with biochemical failure after radical prostatectomy
the detection of CPCs was associated with a shorter PSA
doubling time [18].
There is a clear need to identify the role of secondary
CPCs in prostate cancer and also to determine on a biological
level what mechanisms enable prostate cancer to recur after
many years without detection. Our results indicate that a
large proportion of patients with no evidence of disease have
CPCs detectable after surgery, and they may reappear after a
period of time of being CPC negative. These positive patients
have a higher risk of biochemical failure and it suggests
that tumor dormancy plays a prominent role in prostate
cancer recurrence after definitive therapy. We suggest that
men who become CPC positive after prostatectomy radical
have dormant micrometastasis that may eventually activate
and cause metastasis.
The observations from our study must be taken in the
context of a population of 92 patients and although the
median followup is only two years there were sufficient
biochemical failures to make some general observations.
Firstly CPC detection using standard immunocytochemisrty is able to identify a high risk group for biochemical
failure before there is a rise in the serum PSA. By using a
positive/negative result and not a defined cutoff point of a
determined number of cells/mL blood it gives the treating
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physician a yes/no answer. The time from surgery does not
influence the interpretation of the test in men with a serum
PSA <0.2 ng/mL. We sought to maximize sensitivity of the
test by utilizing a single CPC cutoff. A higher cutoff would
have decreased false positives, but the correlation between
CPCs and biochemical recurrence presented here supports
the single cell definition.
Obtaining blood samples for CPC detection is less invasive than the use of bone marrow specimens and thus could
be more frequently repeated during followup.
In summary secondary CPCs are associated with
increased biochemical failure in men with a PSA <0.2 ng/mL
after radical prostatectomy; the presence of secondary
CPCS is independent of the clinicopathological parameters
normally used to predict risk of biochemical failure; however
the presence of secondary CPCs does not determine if the
recurrence is due to local or systemic disease. These results
warrant larger studies to confirm the findings.
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Purpose. Kattan and Stephenson nomograms are based on the outcomes of patients with prostate cancer recruited in the USA, but
their applicability to Chinese patients is yet to be validated. We aim at studying the predictive accuracy of these nomograms in the
Chinese population. Patients and Methods. A total of 408 patients who underwent laparoscopic or open radical resection of prostate
from 1995 to 2009 were recruited. The preoperative clinical parameters of these patients were collected, and they were followed up
regularly with PSA monitored. Biochemical recurrence was defined as two or more consecutive PSA levels >0.4 ng/mL after radical
resection of prostate or secondary cancer treatment. Results. The overall observed 5-year and 10-year biochemical recurrencefree survival rates were 68.3% and 59.8%, which was similar to the predicted values by the Kattan and Stephenson nomograms,
respectively. The results of our study achieved a good concordance with both nomograms (Kattan: 5-years, 0.64; Stephenson: 5years, 0.62, 10-years, 0.71). Conclusions. The incidence of prostate cancer in Hong Kong is increasing together with the patients’
awareness of this disease. Despite the fact that Kattan nomograms were derived from the western population, it has been validated
in our study to be useful in Chinese patients as well.

1. Introduction

2. Patient and Methods

Patients’ awareness on prostate cancer is increasing together
with its incidence in Hong Kong [1]. According to the latest
publication by the Hong Kong Cancer Registry in 2008,
prostate cancer is the third most common and the fifth
leading cause of cancer deaths in Hong Kong males [1]. An
objective tool, such as the Kattan and Stephenson nomograms
[2, 3], to estimate the expected outcome would be essential for
surgeons in decision making and in counseling the patients
on prognosis after treatment. Kattan nomograms were first
developed in 1998 [2] and later enhanced by Stephenson et
al. in 2006 [3], based on the outcome results of patients with
prostate cancer recruited in the USA. It has been validated
by patient populations from the United States, Australia, and
Europe [4–8], but its applicability to Chinese patients is yet
to be validated. We aim at studying the predictive accuracy of
Kattan nomograms in the Chinese population based on our
center’s results.

From 1995 to 2009, 408 patients who underwent laparoscopic
or open radical prostatectomy for prostate carcinoma were
recruited. The clinical stage of prostate cancer (according
to 2009 TNM classification system), the pre-op PSA level,
the number of positive and negative cores by transrectal
ultrasound guided prostate biopsy, and Gleason Scores of
the specimens were collected for analysis. All patients were
followed up regularly with PSA monitored, and biochemical
recurrence was defined as two or more consecutive PSA
level greater than 0.4 ng/mL after radical prostatectomy or
secondary cancer treatment [2]. 82 patients who had missing
data (such as PSA and Biopsy results) or defaulted followup
were excluded from the study. The observed biochemical
recurrence rates, calculated by the Kaplan-Meier analysis,
were compared with the values predicted by the Kattan
nomograms. In order to facilitate the calculation of the concordance index (Range: 0.5 to 1) [9–12], the population was
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Table 1: Background demographics of patients with prostate cancer
undergoing prostatectomy.

<4
4.1–10
10.1–20

217 (22.1%)
472 (48%)
187 (19%)

Median PSA =
6.1
(Range: 4.4–9.0)

>20
Clinical stage

107 (10.9%)

PSA

Kattan 1998

Our study
𝑁 = 326
28 (8.6%)
136 (41.7%)
102 (31.3%)
60 (18.4%)

T1a/b
T1c

83 (8.4%)
148 (15.1%)

0 (0%)
803 (40.6%)

33 (10.1%)
224 (68.7%)

T2a
T2b

266 (27.1%)
246 (25.0%)

509 (25.7%)
335 (17.0%)

32 (9.8%)
21 (6.5%)

T2c
182 (18.5%)
T3
58 (5.9%)
Gleason score (GS)

244 (12.3%)
88 (4.4%)

10 (3.1%)
6 (1.8%)

GS 1-2/1-2
GS 1-2/3

108 (11%)

0 (0.0%)

158 (16.1%)

1 (0.3%)

GS 3/3 and 3/1-2 405 (41.2%)

153 (46.9%)

GS 3/4-5

213 (21.7%)

103 (31.6%)

GS 4-5/1-5

99 (10.1%)

69 (21.2%)

GS 2–6

1348 (68%)

154 (47.2%)

GS 3+4
GS 4+3

397 (20%)
130 (7%)

98 (30.1%)
41 (12.6%)

GS 8–10

104 (5%)

33 (10.1%)

divided into 5 groups (based on similar Kattan scores) with
almost equal number of patients in each group. Concordance
index can be defined as the proportion of randomly paired
patients for whom the patient with the greater probability of
recurrence also had earlier disease recurrence [2, 4, 6, 9–12].
SPSS version 19 was used for all statistical analyses.

3. Results
The baseline demographics of the patients in our cohort were
shown to have higher PSA values and Gleason scores as
compared to the Kattan cohorts (Table 1). Thus, the overall
observed 5-year (68.3%) and 10-year (59.8%) biochemical
recurrence free survival rates were slightly lower than those
of Kattan’s cohort (Figures 1 and 2). However, these two
observed values were similar to the predicted values derived
from the 1998 Kattan and 2006 Stephenson nomograms.
The plots comparing the observed and predicted 5-year and
10-year biochemical recurrence rates demonstrated that our
study results achieved a good concordance with both Kattan
nomograms (Figures 3, 4, and 5). For the 1998 version, the
5-year concordance rate was 0.64, whereas for the 2006
version, the 5-year and 10-year values were 0.62 and 0.71,
respectively.

Observed freedom from biochemical
recurrence rate (%)

𝑁 = 983

Stephenson
2006
𝑁 = 1978

Variables

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

Overall 5-year survival = 68.3%

0.1
0
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

Time (years)
Predicted survival
Group
0–57
58–77
78–83
84–87
88–100

0–57-censored
58–77-censored
78–83-censored
84–87-censored
88–100-censored

Figure 1: Observed freedom from biochemical recurrence rates
according to the 1998 Kattan nomogram.

4. Discussion
The incidence of prostate cancer is increasing in Hong Kong
with 1369 new cases diagnosed in 2008 [1]. An objective
tool to estimate the expected outcome would be essential for surgeons in decision making and counselling the
patients on prognosis after surgical treatment. There are
multiple nomograms generated for the calculation of postprostatectomy outcomes [13–18]. Kattan nomogram is the
one of the most accepted guidelines in determining the biochemical recurrence-free survival rate after prostatectomy. It
was generated based on a cohort of patients with prostate
cancer recruited in the USA, and had been validated in
various studies [4–8]. However, there is a possibility that
the Kattan nomograms might not be applicable to Chinese
population, because of the different risks of prostate cancer
between Asian and Western populations [19–25]. Thus, we
perform the validation of Kattan nomograms in Chinese
patients with our data collected in Hong Kong.
We have inferior patient background demographics as
compared to the Kattan cohort, and thus, our 5-year and
10-year biochemical recurrence rates were higher. However,
our data demonstrated a good concordance index with the
expected results. The overall observed 5-year and 10-year
biochemical recurrence free survival rates were similar to the
predicted values by the 1998 Kattan and 2006 Stephenson
cohorts respectively. The concordance indexes of our study (5
year, 1998 version: 0.64, 5-year and 10-year, 2006 version: 0.62
and 0.71) were similar to those of Kattan’s external validation
cohort [2] (5-year: 0.64) as well as Stephenson’s cohort [3]

3
Predicted freedom from
biochemical recurrence rate (%)
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Observed freedom from biochemical
recurrence rate (%)

1
0.9
0.8
0.7
0.6
0.5
0.4
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Figure 5: Observed versus predicted 10-year freedom from biochemical recurrence rates according to the 2006 Stephenson nomogram.

Overall 10-year survival = 59.8%

0
0
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3
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5

6

7
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Years
Predicted survival
Group
0–43
44–64
65–74
75–88
89–100

0–43-censored
44–64-censored
65–74-censored
75–88-censored
89–100-censored

Figure 2: Observed freedom from biochemical recurrence rates
according to the 2006 Stephenson nomogram.

Predicted freedom from
biochemical recurrence rate (%)

Concordance rate = 0.71

Observed freedom from biochemical
recurrence rate (%)

0.1

1
0.9
0.8
0.7
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0.5
0.4
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0.2
0.1
0

Concordance rate = 0.64

0

0.1

0.2 0.3 0.4 0.5 0.6 0.7 0.8
Observed freedom from biochemical
recurrence rate (%)

0.9

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

1

0.1

0.2

0.3

0.4

0.5

0.6
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Incidence of prostate cancer in Hong Kong is increasing
together with patients’ awareness on this disease. Despite the
fact that Kattan nomograms were derived from the western
population, it has been validated in our study to be useful
in Chinese patients as well. The 1998 Kattan nomogram can
slightly better predict the outcome of the 5-year biochemical
recurrence free survival than the 2006 version. The 2006
version achieves a satisfactory concordance with the 10-year
outcome of our cohort. In view of the promising results,
Kattan nomograms have been implemented into our clinical
practice in managing patients with prostate cancer.
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Objective. Analyze the learning curve for laparoscopic radical prostatectomy in a low volume program. Materials and Methods. A
single surgeon operated on 165 patients. Patients were consecutively divided in 3 groups of 55 patients (groups A, B, and C). An
enhancement of estimated blood loss, surgery length, and presence of a positive surgical margin were all considered as a function
of surgeon’s experience. Results. Operative time was 267 minutes for group A, 230 minutes for group B, and 159 minutes for group
C, and the operative time decreased over time, but a significant difference was present only between groups A and C (𝑃 < 0.001).
Mean estimated blood loss was 328 mL, 254 mL, and 206 mL (𝑃 = 0.24). A conversion to open surgery was necessary in 4 patients
in group A. Positive surgical margin rates were 29.1%, 21.8%, and 5.5% (𝑃 = 0.02). Eight patients in group A, 4 patients in group B,
and one in group C had biochemical recurrence. Conclusion. Significantly less intraoperative complications were evident after the
first 51 cases. All other parameters (blood loss, operative time, and positive surgical margins) significantly decreased and stabilized
after 110 cases. Those outcomes were somehow similar to previous published series by high-volume centers.

1. Introduction
Introduction of the laparoscopic approach has revolutionized
the field of minimal invasive surgery, and in the modern era
laparoscopic radical prostatectomy (LRP) has been described
as a standard and reproducible surgical procedure in many
centers worldwide [1].
In the same way of other modern surgical techniques,
laparoscopic procedures necessitate new training methods
and an amount of surgical procedures performed before a
surgeon reaches an accepted stage of expertise in outcome
parameters. The length of this learning curve is proportional
to the complexity of the procedure. Several authors have
published their results, and some learning curves, about
laparoscopic radical prostatectomy, considered a highly complex surgery [2–4].
However, most of these studies have been conducted
in large academic centers with a high volume of radical
prostatectomies. Whether those same learning curves are
reproducible in low volume centers by less experienced

surgeons remains an unanswered question. Therefore, in
this paper, we aimed to analyze the learning curve for
extraperitoneal laparoscopic radical prostatectomy in a low
volume environment.

2. Materials and Methods
Between August 2003 and June 2011, we have performed 165
LRP procedures. The study had been authorized by the appropriate ethics committee, and informed consents obtained.
Patients were ordered chronologically from number 1 to
number 165 for this study. The patients were divided into 3
groups for prospective analysis: group 1 consisted of the first
55 patients, group 2 was formed by the patients numbered
from 56 to 110, and the final 55 patients were included in the
group 3.
All surgeries were performed by a single surgeon (AIM),
and all patients were diagnosed previously as localized
prostatic adenocarcinoma. All procedures were performed
using the extraperitoneal surgical technique using five trocars
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[5]. Antegrade dissection was done, and the prostate pedicles
controlled with polymer clips (Hem-o-lock, Weck Closure
Systems, Research Triangle. Park NC, USA). Urethrovesical
anastomosis was performed with a running suture, and
lymphadenectomy performed in the presence of a PSA higher
than 20 ng/dL, Gleason 7 (4 + 3) or higher, or presence of
suspicious nodes described in preoperative imaging studies.
Patients were then treated following the local hospital clinical pathway of LRP, and postoperative analgesia
included administration of nonsteroidal anti-inflammatory
drugs intravenously during the first 24 h and orally thereafter
until discharge. On the first postoperative day physical
therapists assisted in mobilization, and patients were reefed
the evening of the day of surgery. All radical prostatectomy
specimens were evaluated by a specialized uropathologist.
The length of surgery, intraoperative blood loss, transfusion rates, intra- and postoperative complications, conversion, histopathologic results, and oncological outcome (PSA
recurrence) were determined in all groups and compared. All
patients were discharged with a temporary bladder catheter in
place, which was typically removed on the seventh day after
surgery. Complications were classified according to the 2004
Clavien-Dindo classification [6].
Postoperative erectile dysfunction and incontinence were
not evaluated in this paper. A positive surgical margin was
defined as the presence of tumour cells in contact with the
inked surface of the specimen.
In order to establish the learning curve, all variables
were calculated and recorded, and a comparison between
the groups was performed. Statistical analysis was performed
with the SPSS program (Statistical Package for Social Sciences, version 11.01, Chicago, IL). For qualitative variables
the absolute (n) and relative (%) frequencies were recorded.
The chi-square analysis was used to compare those variables
among them. Significance was established at 𝑃 < 0.05.
ANOVA was used to compare variables with continuous
values. In order to evaluate the equality of group variances
the Brown-Forsythe test was also applied. In the presence of
significant differences between the groups, comparisons were
then performed using the Bonferroni test.

3. Results
For the 165 patients, we observed a median age of 61.7 (44–
83) years, a median prostate size of 39.07 g (15–150 g), and
a median preoperative PSA of 6.66 ng/mL (1.8–39.9); those
values were equivalent in all groups (𝑃 > 0.05).
The parameters found in groups A, B, and C, respectively,
were the following: mean surgical time: 267.1 (±64.3), 230
(±65.0), and 159.5 (±35.5) min (𝑃 < 0.001). Loss of blood was
328 (±188), 254 (±129), and 206 (±95) mL, and a significant
difference was present only between groups A and C (𝑃 <
0.001). Eleven patients (20.0%) in group A and one (1.8%)
in group B required blood transfusion. No transfusions were
necessary in group C (𝑃 = 0.010).
Prolonged urine leakage was observed in seven patients
(12.7%) in group A and in seven patients (12.7%) in group B.
Rectal lesions occurred in 3 patients (5.4%) in group A;
the injuries were repaired intraoperatively with polyglactin
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3–0 sutures in two planes. Another patient in group A
sustained an intraoperative bladder injury and also repaired
laparoscopically. No intraoperative lesions were recorded in
groups B or C.
An analysis of postoperative complications (ClavienDindo classification) showed a significant difference between
the groups (𝑃 < 0.05). Clavien I and III were more frequent in
group B and II in group A. Two patients in group C presented
postoperative issues (Table 1).
Conversion to open surgery was deemed necessary in 4
patients (7.3%) in group A. No other conversions were then
required.
In groups A, B and C, margins were respectively positive
on: 29.1% (16), 21.8% (12) and 5.5% (3) patients. When positive
margins were correlated to the clinical stage of the disease
a higher incidence was demonstrated in pT3a and pT3b
individuals when compared to other patients (Table 2).
Due to a high risk of local relapse, 13.9% (23) of patients
received radiotherapy.
After a minimum followup of 20 months (20–97 months),
8 patients in group A, 4 patients in group B, and one patient
in group C had biochemical recurrence (PSA < 0.2 ng/mL).

4. Discussion
Historically, open radical prostatectomy is the standard surgical treatment for localized prostate cancer in patients in
good health [10]. However, this procedure was not widely
accepted until 1982 when a refined and reproducible method
was described by Walsh and Donker [11]. Sixteen years later
a laparoscopic technique for the management of localized
prostate cancer was suggested by Schuessler et al, but the
conclusions learned from the initial series were that this was
a lengthy and difficult procedure, and little advantage was
added compared to the open counterpart [12].
The initial procedure was revised [13] and over the
latest years, the laparoscopic technique has shown substantial
efficacy [4]. The benefits of the minimally invasive approach
were reported in several series, but until recently, the procedure was limited to specialized centers, mainly due to a steep
learning curve.
This difficulty is attributed to the counter-intuitive
motion, two-dimensional visualization, and lack of articulating instruments for standard laparoscopic surgery. Several
authors have evaluated their initial series, and some learning
curves were proposed, mainly in academic centers with high
surgery volume [8, 14, 15].
On the other hand, even after reviewing large series it
seems it is not yet possible to estimate the number of cases
required for a novice surgeon to master the skills necessary
to perform a laparoscopic radical prostatectomy. In a review
of their first 1311 cases Vallancien et al. [16] suggested that
at least 50 difficult operations, with at least one case/week
during the first year, were required to master complex
laparoscopic urological procedures. Conversely, the records
from 8,544 consecutive patients with prostate cancer treated
laparoscopically by 51 surgeons at 14 academic institutions
in Europe and the USA were evaluated in a multicenter
study evaluating the presence of positive surgical margins
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Table 1: Postoperative complications (Clavien-Dindo classification).
A

Complication/Clavien
Urinary extravasation, temporary elevated creatinine/I
Blood transfusion/II
Hem-o-lock clip migration to bladder (cystoscopy
under local anesthesia)/IIIa
Management of urinoma or infected lymphocele,
embolization and colostomy (intervention under
general anesthesia)/IIIb
Acute pulmonary edema/IV

B

C

𝑛

%

𝑛

%

𝑛

%

8
11

14.5%
20%

8
1

14.5%
1.8%

1
0

1.8%
0%

0

0%

0

0%

1

1.8%

3

5.4%

4

7.3%

0

0%

1

1.8%

0

0.0 %

0

0%

𝑃 value

0.001

Table 2: Positive margins versus stage of the disease.
TNM

Group A

Group B

Group C

total

M+/total

%

M+/Total

%

M+/Total

%

M+

%

pT1
pT2a
pT2b
pT2c
pT3a
pT3b
pT3c
pT4

0/2
0/6
0/4
4/24
9/14
3/4
0/1
0/0

0
0
0
16.7
64.3
75.0
0
0

0/2
1/10
0/1
9/35
2/5
0/2
0/0
0/0

0
10.0
0
25.7
40.0
0
0
0

0/2
0/16
1/7
1/23
1/5
0/1
0/0
0/1

0
0
14.3
4.3
20.0
0
0
0

0
1
1
14
12
3
0
0

0
3.8
12.5
17.1
50.0
42.8
0
0

Total

16/55

29.1

12/55

21.8

3/55

5.5

31

18.8

M+: positive margin.

as an effect of the surgeons’ experience, and an apparent
improvement in surgical margin rates up to a plateau was
demonstrated only after 200 to 250 surgeries [16].
As seen in previous reports, a drop in the complications
rate was demonstrated as the surgeon’s experience increased.
In our experience significantly less intraoperative complications and conversions to open surgery were evident after the
first 51 cases, and blood loss and operative time continued
to significantly decrease and stabilized after 110 cases. On a
study published by Starling et al. [17] an improvement of the
surgical and functional parameters occurred after 70 cases.
On the other hand, in series of high-volume academic centers
residents without prior experience required 38–52 cases to be
considered competent [7, 18].
This same evolution was present when oncological
parameters were evaluated. In our series the positive surgical
margins also significantly decrease and stabilized after 110
cases. Our overall incidence of positive surgical margins was
20%, and this was similar to the series presented by Katz et
al. [19]. As expected, the incidence of positive margins in
our series increased in pT3 tumors and varies in pT2 tumors
among the series; this was also present when other authors
presented their learning curves [19]. In a study published
by Bollens et al. 11 of 50 patients presented positive surgical
margins after laparoscopic prostatectomy, and of these 11
cases two were pT2 tumors [20]. Rassweiler et al. reported,
after reviewing 180 patients, a 16% incidence of positive, and
almost half of patients had pT3 tumors [21]. Guillonneau and

Vallancien presented a 14% incidence of positive margins in
pT2b tumors and 33% in pT3a [22].
In our study no patient had biochemical recurrence after
110 cases. In a study published by Vickers et al. the probability
of recurrence initially dropped steeply then reached a plateau
after 250–350 surgeries [23]. Similarly, a large multicenter
study demonstrated a plateau also at 200 to 250 surgeries [9].
Interestingly, this same retrospective study conducted
by Vickers et al. suggested that 750 laparoscopic radical
prostatectomies were necessary in order to reach results
equivalent to the open approach [23].
Our series was performed by a single surgeon with
previous laparoscopic experience with other kinds of surgery
but no direct supervision during the learning curve. Other
authors suggested that the learning curve could have been
shortened if a training program under supervision has been
used. One proposed method is the Leipzig model, where
an expert mentor acts as a first assistant, while the student
performs the steps corresponding to his or her level, then the
student remain as a first assistant for the remainder of the
surgery, leading to a gradual learning process [24].
The selection between an extraperitoneal and a transperitoneal approaches to the laparoscopic radical prostatectomy
depends nowadays mainly on the surgeon’s preference. Initially, a transperitoneal approach has been elected as the main
access for this procedure, along with an antegrade technique
[13], which was reproduced by other centers [22]. Later,
Rassweiler et al. described the feasibility of LRP done through
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the Retzius space, performing the surgery in an retrograde
manner and accessing the seminal vesicles after transecting
the posterior bladder neck (Heilbronn technique) [21]. An
extraperitoneal approach was first described by Raboy et
al. [25], following the principles of the French technique
and transecting the venous complex and urethra as the final
portion of the prostate dissection.
In our series an extraperitoneal antegrade laparoscopic
technique, performed in a similar manner as previously
described by Dubernard et al. [5], was used, aiming to unite
the advantages of minimally invasive techniques with those
of extraperitoneal cavity surgery, also avoiding the extreme
Trendelenburg position used in the transperitoneal technique, since the peritoneum retracts the intestines, allowing a
more neutral position. Furthermore, this approach may also
be suitable for patients with multiple previous abdominal
surgeries and in the presence of obesity [26].
Our study has several limitations. Initially, only the total
operative time was recorded, instead of timing separately
each step of the procedure, as done by Dev et al. [3],
what could have added substantial information regarding
the difficulty and complexity of each step to surpass the
initial learning curve. Furthermore, although we have added
the biochemical recurrence as one of the parameters, we
are aware that our relative short followup may limit the
usage of this information in our study. Finally, continence
and erectile dysfunctions were not evaluated in our series
due to a lack of standardization for urinary incontinence
and for the no application of validated questionnaires for
erectile dysfunction, but we are aware that those parameters
would add important information regarding the functional
outcomes for the studied population.
Finally, it must be noted that in the modern era a
laparoscopic robotic approach has been favored over pure
laparoscopic surgeries mainly because of its apparent reduced
learning curve [27, 28], but, especially in developing countries, its high costs, availability, and the training facilities
required are still major issues that are somehow difficult to
surmount, particularly in limited budget situations. Therefore, apparently, there is still a role for laparoscopic radical
prostatectomy in our days, and studying the learning process
and identifying a proper learning curve for this procedure
in low-volume centers seem necessary even in the robotics
epoch. Additionally, the surgeon with experience in laparoscopic radical prostatectomy may continue by minimally
invasive surgery in cases of breakdown of the robot during
the surgery avoiding conversion to open procedure and
may facilitate the beginning of robotic assisted laparoscopic
radical prostatectomy.

5. Conclusion
Although further studies seem necessary to unify and identify
the number of cases required to master this technique considerable less intraoperative complications and conversions
to open surgery were noted after the first 51 cases, and all
other parameters (blood loss, operative time, and positive
surgical margins) significantly decreased and stabilized after
110 cases in our study. The learning curve for extraperitoneal
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laparoscopic radical prostatectomy appears to be continuous
and the implementation of a successful program was possible
even in the presence of a low volume and in the absence of a
specific mentorship program in the early learning curve.
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Introduction.The aim was to evaluate the changes of androgen receptor (AR) expression quantitatively and to identify influence of
AR on cancer related survival markers in LNCap cell line. Materials and Methods. We compared expressions of AR, heat shock
protein 27 (HSP27), clusterin (CLU), glucose-related protein 78 (GRP78), and cellular FLICE-like inhibitory protein (c-FLIP)
and their genes between es-LNCaP (less than 33 times subcultured, L-33), ls-LNCaP (over 81 times subcultured, H-81), and siLNCaP (AR siRNA transfected ls-LNCaP) by Western blotting and RT-PCR. Results. The expressions of AR, HSP27, CLU, GRP78,
and c-FLIP were increased in ls-LNCaP compared with es-LNCaP (AR, 157%; HSP27, 132%; CLU, 146%; GRP78, 138%; c-FLIP,
152%). However, in si-LNCaP cell line, protein expressions were reversed to the level of es-LNCaP cell lines (25, 102, 109, 98, and
101%), and gene expressions on real-time PCR were also reversed to the expression level of es-LNCaP (ls-LNCaP: 179, 156, 133, 123,
and 167%; si-LNCaP: 22, 93, 103, 112, and 107%). Conclusions. This finding suggests that androgen receptor can be related to the
increased expression of cancer related survival markers such as HSP27, GRP78, CLU, and c-FLIP in late stage prostate cancer, and
also inhibition of AR gene can be a therapeutic target in this stage of cancer.

1. Introduction
Nearly 29% of patients with newly diagnosed cancer in
United States were diagnosed with prostate cancer which is
the second most common cause of cancer death (11%, 22,720
patients) [1, 2].
At early stage, the prostate cancer is influenced markedly
by androgen acting through the androgen receptor (AR) and,
clinically, could be treated with surgical castration, radiation,
or antiandrogen therapy. However, after initial response to
these treatments, most androgendependent prostate cancer
cells commonly progress to a highly aggressive, metastatic,
androgenindependent state.
Androgen receptor (AR) is a 110 kDa phosphoprotein and
one of the nuclear receptor superfamily of ligand activated

transcription factors which elicits the biological response of
androgens [3–5]. The AR is expressed in nearly all prostate
cancer cells [6–8]. Growth and development of aggressive
prostate cancer depend on androgen induced AR function
[9–11].
Androgen independent prostate cancer development can
be explained by the following five theories. (1) the AR hypersensitivity: under chemical castrated state induced by androgen ablation treatment, more AR is produced or the AR has
enhanced sensitivity to androgen. (2) The promiscuous AR
hypothesis: factors other than testosterone (i.e., estrogens,
progestins, and antiandrogens) acts as a mutated AR agonists due to broaden specificity of AR. (3) The outlaw AR
hypothesis: hormone independent prostate cancer growth or
progress of AR independently through PTEN mutation and
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activation of AR independent pathways such as PI3K and
MAPK. (4) The bypass AR hypothesis: in androgen deprivation state, other antiapoptotic signal pathways through Bcl-2
overexpression and oncogene activation induce progression
to HRPC. (5) The lurker cell hypothesis: androgen independent prostate cancer cells basically exist among epithelial
stem cells even at androgen dependent state. After androgen
deprivation, androgen independent malignant stem cells are
selected to be activated [12].
LNCaP cell line is androgen sensitive human prostate
cancer cells derived from the lymph node metastasis [13,
14]. Igawa et al. (2002) suggested the hormone sensitive
LNCaP models changed to hormone independent cancer
cells through long-term subcultures [15].
We focused on the factors related to the development of
androgen independent prostate cancer. In previous studies
using proteomic analysis, we confirmed that high passage
subcultured LNCaP cells that acquired androgen independent property and the silencing of AR with small interfering
RNA (siRNA) transfection resulted in the reversion of proteomic profile to level of es-LNCap cell line [16]. The aim
of the present study was to evaluate changes of androgen
receptor (AR) expression quantitatively and to identify influences of AR on cancer related proteins in LNCap cell line by
comparing es-LNCaP and ls-LNCaP.

2. Materials and Methods
2.1. Cell Culture and Experimental Groups. LNCaP cells
obtained from American Type Culture Collection (Bethesda,
MD) were maintained in RPMI 1640 medium and made
two LNCaP clones described in previous study [16]. All
clones of LNCaP human prostate cancer cells were originated
from the same source cell. The es-LNCaP cell was derived
from low (less than 33) passage subculture and the lsLNCaP, androgenindependent LNCaP, derived from high
(more than 81) passage subculture. The si-ls-LNCaP subline
was established by stably transfecting the ls-LNCaP cells with
siRNA sequence. As control to silencing with siRNA, the
scrambled siRNA, scr-ls-LNCaP was used.
2.2. Doxazosin and siRNA Treatment. Doxazosin (Sigma
Aldrich Korea, Seoul, Korea) was prepared as described
in previous study [17]. Cells were refed with fresh media
at 80% confluence and treated with doxazosin or serumfree media containing 0.25% DMSO as control. The mRNA
target sequences to AR (GeneBank Accession Number:
NM000044) were designed using a siRNA template design
tool (Ambion, Austin, TX), and siRNA was prepared with
a Silencer siRNA construction kit (Ambion). Three oligonucleotides AR-1 (5 -GAC CUA CCG AGG AGC UUU CdTT3 ), AR-2 (5 -UCG AGG CCC UGU AAC UUG-3 ), and
AR-3 (5 -CAG UAG UUC GGA CAA ACG AAG A-3 )
were designed based on the publicly released AR DNA
sequence. The siRNAs were transfected into LNCaP cells with
Lipofectamine 2000 (Invitrogen) employing 50 nM in 250 𝜇L
OptiMEM medium/60 mm culture dish. The transfected cells
were allowed to grow for 24, 48, and 72 h at 37∘ C in a 5%
CO2 incubator and harvested for RT-PCR and immunoblot
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analysis. We performed immunohistochemical staining to
confirm the expressions of AR in various LNCaP cells.
2.3. Total RNA Extraction, Conventional RT-PCR, and RealTime RT-PCR. Total RNA was extracted using the TRIzol
method (Invitrogen, Carlsbad, CA). Cells (5.0 × 105 ) were
mixed in a test tube with 1 mL TRIzol solution. Prepared RNA
was denaturated at 65∘ C for 15 min in a volume of 30 𝜇L and
cooled on ice for at least 1 min. 2.0 𝜇g of denatured RNA
were then annealed by addition of reaction mixture to a total
volume of 20 𝜇L (4.0 𝜇L of 5 × RT buffer, 10 pmol of primers,
2.0 𝜇L of 25 mM MgCl2 , 2.0 𝜇L of 10 mM dNTPs, and 0.2 𝜇L
of 1 M DTT in nuclease-free water) and incubated at 42∘ C
for 70 min. The reaction was terminated at 95∘ C for 5 min,
chilled on ice for 5 min, and collected by brief centrifugation.
To remove RNA, 1 𝜇L of RNase H were added to each tube
followed by incubation at 37∘ C for 20 min. 1 𝜇L of cDNA were
used for each PCR reaction.
Amplifications of cDNAs by PCR using specific primer
pairs for AR were performed in 20 𝜇L reaction volumes
containing 10 mM Tris-HCl, pH 8.3, 50 mM KCl, 1.5 mM
MgCl2 , 0.001% gelatin, 0.2 𝜇M each dNTP, 0.2 𝜇M of each
primer, 1 unit of Taq DNA polymerase (Invitrogen, CA), and
1.0 𝜇L cDNA as template.
Real-time PCR was performed with an SLAN real-time
PCR detection system (LG Life science, Korea) and SYBR
Green reagents (Invitrogen, Carlsbad, CA). Specific primers
for human GAPDH, AR, HSP27, CLU, GRP78, and c-FLIP
were designed to work in the same cycling conditions (50∘ C
for 2 min to permit uracil N-glycosylase cleavage, 95∘ C for
10 min, followed by 40 cycles of 95∘ C for 15 s, and 60∘ C for
1 min). We used 1.0 𝜇L of the reverse transcriptase product
for PCR in a final volume of 25 𝜇L.
2.4. Western Blot. Preparation of total cell lysate and the procedures for Western blot analyses were performed essentially
as described previously [16]. The antibodies against GRP78, cFLIP, and AR were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA). Antibody for HSP27 purchased from Millipore (Millipore, MA). The quantity of the applied protein
was normalized with anti-actin polyclonal antibody (Sigma
Aldrich Korea, Seoul, Korea).
Samples with equal amounts of protein (20 𝜇g) from
lysates of cultured LNCaP cells were subjected to SDSPAGE and then transferred to a PVDF filter. The filters
were blocked in TBS containing 5% nonfat milk powder
at 4∘ C overnight and then incubated for 1 h with a diluted
each primary antibodies (Actin: 1 : 10,000; AR, HSP27, CLU,
GRP78 : 1 : 1,000; c-FLIP: 1 : 2,000; Santa Cruz, CA).
2.5. Immunocytochemical Analysis and TUNEL Staining.
Cells on coverslips were rinsed 1 × phosphate-buffered saline
(PBS) and then fixed with ice-cold methanol for 15 min. Samples were further permeabilized with PBS containing 0.025%
Triton-X detergent (1 × PBS-TX) for 10 min and blocked with
3% BSA in 1×PBS for 30 min. Cells were reacted with primary
antibodies (AR, HSP27, CLU, GRP78 : 1 : 100; c-FLIP: 1 : 50;
Santa Cruz, CA) for 1 hour at room temperature. Cells were
washed 3 times for 5 min with 1×PBS-TX and then incubated
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Figure 1: Effective silencing of the androgen receptor (AR) gene expression in ls-LNCap cells after small interfereing RNA (siRNA) treatment.
(a) Transfection efficiency shown by fluorescence microscopy; (b) RT-PCR band of AR from si-ls-LNCap cells after siRNA. CNTL, untreated
siRNA; NC, treated scrambled siRNA.

with horseradish peroxidase (HRP) conjugated secondary
antibodies (goat anti-mouse IgG and goat anti-rabbit IgG,
Santa Cruz. CA). Diaminobenzidine (DAB) was used as
the chromogen and counterstaining was done with Mayers
hematoxylin. Following three 5 min washes, cellscoverslips
were mounted on slides with coverslips.
For TUNEL assays, fixed cells were incubated with an
equilibrium buffer for 5 min using the in situ apoptosis
detection kit, Fluorescein (Apoptag; Roche, BMS), and then
treated in reaction buffer with 10 units of terminal deoxynucleotidyl transferase and 1 unit of deoxyuridine triphosphate
digoxigenin at 37∘ C for 1 hour. The reaction was terminated
by adding stop/wash buffer and then washed twice with
Tris buffer. Anti-digoxigenin-FITC was added and reacted at
37∘ C for 30 min. After washing with distilled water, nuclei
were counterstained with Hoechst 33258 (Sigma Chemical, St
Louis, MO), and apoptosis in the cells was observed under a
fluorescent microscope. Cells with green fluorescent (FITC)
colored nuclei were considered apoptotic. For quantifying
apoptotic cells, apoptotic and total cells were counted in 5
random fields scoring between 300 and 500 cells, and the
numbers of apoptotic cells were expressed as percentages
of the total cell population. Immunocytochemical staining
slides and TUNEL staining slides were observed with microscope (TE-300, Nikon, Japan).
2.6. Statistics Analysis. Results were analyzed using a twotailed Student’s 𝑡-test to assess statistical significance. Values
of 𝑃 < 0.05 were considered statistically significant.

3. Results
3.1. Androgen Receptor siRNA Transfection Efficiency. To
explore the feasibility of siRNA transfection efficiency in
knocking down AR expression in prostate cancer cells that
harbor the AR gene, fluorescent oligo staining with BLOCKiT was used and the green staining of more than 95% of cells
was confirmed in siRNA transfected cells under fluorescence
microscopy (Figure 1(a)). We designed and synthesized three
siRNAs, AR-1, AR-2, and AR-3, against human AR gene. After
48 hours transfection with three sequence-specific siRNAs,
one relatively potent siRNA, AR-1, was identified in knocking
down AR expression compared with others by checking
the mRNA with RT-PCR. This knocking down effect was
sequence-specific event because a negative control siRNA
with a scrambled sequence had no effect on AR expression
level (Figure 1(b)).
3.2. Immunocytochemistry of Markers. Among the four
experimental cell lines (es-LNCaP, ls-LNCaP, scr-ls-LNCaP,
and si-ls-LNCaP), we confirmed the expression level of five
prostate cancer related proteins (AR, HSP27, CLU, GRP78,
and c-FLIP) with immunocytochemical staining (Figure 2).
Positive staining of AR protein was more intensive in lsLNCaP than es-LNCaP, but the expression level of AR protein
in si-ls-LNCaP was almost disappeared (Figure 2). These
results showed AR gene expression was almost inhibited by
siRNA transfection. Moreover, the knocking down effect on
the other cancer related proteins was also verified similarly.
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Figure 2: Immunocytochemical analysis of HSP27, clusterin, GRP78, and c-FLIP at the es-LNCap, ls-LNCap, scr-ls-LNCap, and si-ls-LNCaP
cells.
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Figure 3: Electrophoretogram of immunoblot for androgen receptor, HSP27, c-FLIP, and clusterin expression at the es-, ls-, and the si-lsLNCap cells.

The positive staining to HSP27, CLU, GRP78, and c-FLIP
proteins in ls-LNCaP cells was more intensive than in esLNCaP cells and was dramatically decreased in si-ls-LNCaP
cells.
3.3. Gene and Protein Expressions of Markers. The expression
of five prostate cancer related proteins (AR, HSP27, CLU,
GRP78, and c-FLIP) increased in ls-LNCaP compared with
es-LNCaP (AR, 157%; HSP27, 132%; CLU, 146%; GRP78, 138;
and c-FLIP, 152%; Figure 3). But in si-ls-LNCaP cell line,
protein expressions were decreased to level of es-LNCaP
cell lines (25, 102, 109, 98, and 101%; Figure 3), and gene
expressions on real-time PCR were decreased similarly (lsLNCaP: 179, 156, 133, 123, and 167%; si-ls-LNCaP: 22, 93, 103,
112, and 107%; Figure 4).

3.4. TUNEL Assay. TUNEL assay was performed to see how
doxazosin induced apoptosis was affected by the inhibition
of AR gene (Figure 5). The number of TUNEL positive
cells appeared less in ls-LNCaP cells compared to es-LNCaP
counterpart. But, after AR was silenced, the number of
TUNEL positive cells increased significantly.

4. Discussion
Prostate cancer cells are basically androgen dependent and
androgen deprivation therapy (ADT) consistently causes
prostate apoptosis and involution in first diagnosed prostate
cancer. But, when prostate cancer advance further, it progresses into a more aggressive form of castration resistant
prostate cancer (CRPC), refractory to all kinds of ADT.

The Scientific World Journal

5
LNCap cells
es

ls

si-ls

AR
HSP27
CLU
GRP78
c-FLIP
GAPDH

Markers/GAPDH
Relative intensity (%)

(a)

300
200
150
100
50
0

200
100
0
AR

HSP27

CLU

GRP78

c-FLIP

AR

HSP27

CLU

GRP78

c-FLIP

es-LNCaP
ls-LNCaP
si-ls-LNCaP

es-LNCaP
ls-LNCaP
si-ls-LNCaP
(b)

(c)

Figure 4: Electrophoretogram and its densitogram of conventional RT-PCR/real-time PCR product for androgen receptor, HSP27, CLU,
GRP78, and c-FLIP expression at the es-, ls-, and the si-ls-LNCaP cells.
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Figure 5: In situ detection of apoptotic cells in AR siRNA transfected cells at 48 hours after doxazosin treatment (25 𝜇M). In situ detection
of apoptotic cells in LNCaP cells was performed by 3 -end labeling with digoxigenin-dUTP using terminal transferase.

Treatment of CRPC is very difficult and not that satisfactory
so far. Docetaxel based chemotherapy is one of the most
effective ways of treatments [18–20], but the overall survival
benefit is only 2-3 months compared to conventional methods [21].

Diverse pathways have been discussed regarding progression to CRPC from androgen dependent counterpart. Among
them, AR is considered having one of the most important
roles with the possible mechanisms of hypersensitive AR or
mutation of AR gene [12]. LNCaP cell lines are well known as
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their androgen sensitive characteristics, but in our previous
study, we showed the changes of cellular characteristics of
early stage LNCaP cells (L-33) into androgen independent
manner after long-term subculture (H-81) [16]. And we also
found that there were significant differences in the expression
of important survival antiapoptotic factors such as Tim,
GRP78, and HSP27 using proteomics technique. We think
that early and late stage LNCaP cell line model can help us
to understand the mechanism of progression into the form of
CRPC to some extent. In the present study, we showed higher
level of AR mRNA and protein expression in H-81 compared
to L-33, and this implicates that AR is closely related to the
progression into H-81 characteristics via direct or indirect
ways.
Among the possible mechanisms of chemotherapy failure
of CRPC, several antiapoptotic factors such as c-FLIP [22],
HSP27 [23], clusterin [17], and GRP78 [24] have been discussed. These factors have protective roles against apoptosis
inducing stimuli. They are upregulated in various types of
cancer cells and the degree of upregulation is proportional
to the cancer aggressiveness. It also has been speculated
that these survival factors help cancer cells to resist against
various forms of anticancer treatment such as radiotherapy
and cytotoxic chemotherapy.
Hsp27 suppresses apoptosis and probably has a critical
role in progression to CRPC [25–29]. It has been reported that
androgen insensitive LNCaP cells showed upregulation of
HSP27 against androgen withdrawal and antiacancer drugs,
such as paclitaxel [30].
GRP78 is a key member of the molecular chaperone heat
shock protein (HSP) 70 family [31–33]. GRP78 expression is
increased when AR expression is upregulated in LNCaP cells
treated with DHT [34]. This is consistent with our findings in
this study, showing further upregulation of GRP78 expression
in H-81 cells.
Clusterin acts as an antiapoptotic factor and plays an
important role in resistance to chemotherapeutic drugs [35].
When clusterin is overexpressed using vector transfection in
rat prostate cell lines, transfected cells survived with blocking
TNF-𝛼 induced apoptosis.
c-FLIP is also involved in apoptosis pathway regarding
Fas signal transduction [22]. It is generally considered to
have antiapoptotic roles in the prostate cancer [36]. c-FLIP
expression is highly upregulated in the prostate cancer tissue
when compared to normal tissue. It seems that maintaining
high level of c-FLIP is essential and important in overcoming
TNF related apoptosis in the prostate cancer [37]. It has also
been known that transcription of c-FLIP is affected by AR
[38].
Our study showed increased expression of clusterin,
HSP27, GRP78, and c-FLIP in H-81 compared to L-33.
mRNAs and proteins of these factors are downregulated
below the levels of L-33 after AR knock-out using siRNA technique. Furthermore, the same concentration of doxazosin
could induce more significant apoptosis after AR silencing.
These observations suggest that Clusterin, HSP27, GRP78,
and c-FLIP take part in the progression into H-81 in LNCaP
model and AR is closely related to the upregulated expression
and suppression of these survival factors. Our study also
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helps us to speculate that while prostate cancer cells become
more aggressive with change of AR and overproduction of
survival factors under the extremely stressful circumstances
like androgen deprivation, these cells can be reverted into
treatment sensitive traits when successful AR blocking causes
suppression of various survival factors. It also supports the
idea that therapeutic approach targeting AR can enhance
the efficacy of anticancer treatment in the patients with
metastatic CRPC, resisting against all forms of treatment.
Suppression of gene expression using siRNA is a simplified experimental technique which can regulate functions of
specific factors at the gene level. AR silencing in the gene
level is essential in the study of AR block, because AR is
a transcription factor related to synthesis, regulation, and
secretion of various kinds of proteins. In our present study,
AR silencing successfully showed over 80% efficiency. We also
showed higher level of discrimination using real time RTPCR which enables us to find more significant differences
between cell groups.
It can be summarized that in this LNCaP model, we
observed that c-FLIP, HSP27, clusterin, and GRP78 take part
in the progression into androgen insensitive status and the
existence and overexpression of AR are closely related in
this process. We think that these findings can be applied
in the understanding of CRPC progression and treatment
resistance of metastatic CRPC. New therapeutic approaches
targeting AR regulation could be an effective solution against
metastatic CRPC, currently incurable, and therefore various
scientific efforts should be focused.
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Cell surface interaction of CD44 and MMP9 increases migration and invasion of PC3 cells. We show here that stable knockdown
of MMP9 in PC3 cells switches CD44 isoform expression from CD44s to CD44v6 which is more glycosylated. These cells showed
highly adhesive morphology with extensive cell spreading which is due to the formation of focal adhesions and well organized
actin-stress fibers. MMP9 knockdown blocks invadopodia formation and matrix degradation activity as well. However, CD44
knockdown PC3 cells failed to develop focal adhesions and stress fibers; hence these cells make unstable adhesions. A part of the
reason for these changes could be caused by silencing of CD44v6 as well. Immunostaining of prostate tissue microarray sections
illustrated significantly lower levels of CD44v6 in adenocarcinoma than normal tissue. Our results suggest that interaction between
CD44 and MMP9 is a potential mechanism of invadopodia formation. CD44v6 expression may be essential for the protection of
non-invasive cellular phenotype. CD44v6 decrease may be a potential marker for prognosis and therapeutics.

1. Introduction
Prostate cancer is the third most common cause of death
from cancer in men. Prostate cancer is a disease of extensive
metastases with secondary lesions in lymph nodes, brain,
bones, and sometimes in visceral organs such as the liver and
lungs. Prostate cancer patients initially respond to androgen
ablation therapy. However, prolonged androgen ablation
therapy results in relapse and androgen independent prostate
cancer progression with bone metastasis. Bone metastasis
occurs in 90% of patients with advanced stage prostate
cancer. The advanced stage of prostatic carcinoma eventually
metastasizes to the bones in 85–100% of cases.
Adhesion of breast and prostate cancer cells to the bone
marrow endothelial cell line is directly related to the surface
expression of the hyaluronic acid (HA) receptor CD44 which
is a transmembrane glycoprotein [1, 2]. CD44 binds with
HA through its amino-terminal conserved region [3]. CD44
functions as a protein responsible for cellular attachment
to the extracellular matrix (ECM), migration, invasion, and

apoptosis [1, 4–7]. The molecular mass of conserved CD44
termed CD44-standard (CD44s) is about 85–90 kDa. This
is the product of transcription of exons 1–5 and 16–20.
Exons 6–15 encode for separate CD44 variant isoforms from
CD44v1 (not expressed in human cells) to CD44v10 [8].
The amino terminal region also contains several sites for Olinked glycosylation and attachment to chondroitin sulphate
[3]. Posttranslational glycosylation of different CD44 variants
produce proteins with molecular mass ranging from 80 to
200 kDa [4].
The biological role of the CD44 molecules is not the
same in all tumors. Along with CD44s, one or multiple
splice variants may be expressed in cancer cells displaying an
increased tendency for expressing larger isoforms; for example, expression of CD44v8-10 in pancreatic carcinomas [9]
and CD44v6 in colorectal cancer [10] and prostate cancer [11,
12]. CD44 has been suggested to play a role in the metastatic
spread of prostate cancer cells [13, 14]. However, reduced
and heterogeneous expression of CD44v6 was shown in six
cases of primary prostate cancer by immunohistochemistry
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analysis [11]. The decreased expression of CD44s has also
been shown to be involved in the progression of prostate
cancer to a metastatic state [15]. The role of CD44 in prostate
cancer development and progression remains obscure and
needs further elucidation.
CD44s surface expression and CD44s/matrix metalloproteinase 9 (MMP9) interaction on the cell surface are associated with secretion of active MMP9 and migration/invasion
of PC3 cells [1]. Disruption of CD44/MMP9 interaction on
the cell surface reduces migration and invasion of PC3 cells.
MMP9 knockdown of PC3 cells showed reduced CD44 at
cellular and surface levels [12]. An increase in the formation
of invadopodia and localization of MMP9 in invadopodia
may possibly increase the invasive characteristic of PC3 cells
[1, 6]. The addition of a neutralizing antibody to CD44s
reduced active MMP9 at the cell surface and secreted levels.
Surface expression of CD44 and activation of MMP9 on
the cell surface are interdependent [1, 12]. The reciprocal
activities of the two proteins on the cell surface reveal an
interesting situation that poses the question, “What is the
biological implication of their interaction?” We hypothesize
that CD44/MMP9 proteins contribute to the high metastatic
property through the formation of invadopodia.
To address this question, we generated stable PC3 cell
lines deficient in MMP9 and CD44 by RNA interference
knockdown method. Downregulation of MMP9 expression
switches CD44 isoform expression from CD44s to CD44v6
which is more glycosylated. These cells attain the phenotype
of noninvasive cells as a result of failure in the formation
of invadopodia. Expression and glycosylation of CD44v6
is accompanied with extensive cell spreading and adhesion
which is due to the formation of focal adhesions and stress
fibers in these cells. Our data suggest that downregulation of
MMP9 increases the adhesive and noninvasive phenotype in
PC3 cell through the expression of CD44v6. CD44 knockdown reduces adhesive and survival properties of PC3 cells
in a time-dependent manner.

2. Materials and Methods
2.1. Materials. Antibodies to GAPDH, actin, and MMP9 were purchased from Santa Cruz Biotechnology (Santa
Cruz, CA). Antibody to CD44s and Streptavidin-HRP were
purchased from Cell Signaling Technology (Danvers, MA).
Antibodies specific to CD44v6 and CD44v10 were purchased
from R&D Systems (Minneapolis, MN), EMD Biosciences
(Gibbstown, NJ) and Bender Medsystems, Inc. (Burlingame,
CA). Rhodamine phalloidin and all chemicals reagents were
purchased from Sigma-Aldrich (St. Louis, MO). Matched
normal tissue and tumor tissue lysates made from single
person were purchased from Abcam (Cambridge, MA).
2.2. Cell Lines Used for Studies and Culture Conditions. We
have used metastatic carcinoma-derived cell lines which
include: (i) PC3, from skeletal metastases [16, 17]; (ii) LNCaP
from lymph nodes [18]; and (iii) DU-145 from brain [16].
These cell lines were obtained from American Type Culture
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Collection (Manassas, VA). Normal prostate epithelial (HPR1) [19, 20] and benign prostatic hyperplasic (BPH) cells [21–
23] have been used as controls. We generated stable MMP9
and CD44 knockdown PC3 cells lines using respective SiRNA
or ShRNA constructs as described previously [12, 24]. Stable
PC3 cell lines expressing control scrambled RNAi were used
as controls. MMP9 (PC3/Si) and CD44 (PC3/Si (CD44))
knockdown PC3 cells are denoted as indicated in parentheses.
Prostate cancer cell lines and benign prostatic hyperplasic
control cells (BPH) were maintained in RPMI1640 (Gibco
BRL, Life Technologies, Bethesda, MD) containing 5 or 10%
fetal bovine serum (FBS) and 1% penicillin/streptomycin
as described previously [1]. Normal prostatic epithelial
cells (HPR-1) were cultured in keratinocyte (serum-free)
medium supplemented with EGF (2.5 mg/500 mL), bovine
pituitary extracts (25 mg/500 mL; Gibco BRL, Life Technologies, Bethesda, MD), and 1% penicillin/streptomycin [19].
2.3. Quantitative Real-Time RT-PCR Analysis. Quantitative
real-time RT-PCR (qPCR) was performed using an Applied
Biosystems Prism 7000 Sequence Detection System with
SYBR Green PCR Master Mix (Applied Biosystems, Foster
City, CA) as described previously [25]. Primer sequences and
PCR product size (in parenthesis) are as follows: hCD44s
(129 bp)—forward 5 ACCGACAGCACAGACAGAATC3 ;
reverse 5 GTTTGCTCCACCTTCTTGACTC3 ; hCD44v6
(149 bp)—forward 5 GCAGCACTTCAGGAGGTTACAT3 ,
reverse 5 GGTAGCTGTTTCTTCCGTTGTA3 ; hCD44v10
(149 bp)—forward 5 GCAGCACTTCAGGAGGTTACAT3 ;
reverse 5 ATGATTTGGGTCTCTTCTTCCA3 ; GAPDH
(132 bp)—forward 5 CTTTGGTATCGTGGAAGGACTC3 ;
reverse 5 GTAGAGGCAGGGATGATGTTCT3 . All reactions were prepared in triplicate and four independent sets
of samples were used in each experiment.
2.4. Analysis of Cell Surface Expression of CD44v6 by Biotinylation and Flow Cytometry. Cells were washed with PBS
and labeled with NHS-biotin according to the manufacturer’s guidelines (Pierce, Rockford, IL). In conjunction with
immunoprecipitation and immunoblotting analyses, the levels of surface labeled proteins were determined as described
previously [1]. Flow cytometry analysis (FACs analysis) was
performed essentially as described previously [26].
2.5. Migration and Invasion Assays. Wound healing and
phagokinesis assays were done as described previously [26,
27]. For invasion assays, cross-linked fluorescein isothiocyanate (FITC)-conjugated gelatin matrix-coated cover slips
were prepared as described [6]. To assess the formation of
invadopodia and degradation of FITC-gelatin matrix, cells
were cultured on FITC-gelatin-coated cover slips for 12–
14 h as shown previously [6]. Cells were fixed and stained
for actin with rhodamine phalloidin as described previously
[27]. Gelatin matrix and actin-stained cells were viewed
and photographed with a Bio-Rad confocal laser-scanning
microscope. Images were stored in TIF format and processed
by using Photoshop (Adobe Systems, Inc., Mountain View,
CA).
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2.6. Deglycosylation of Proteins. Deglycosylation of CD44v6
protein was done as previously described [28]. About 500 𝜇g
protein was vacuum dried and resuspended in 500 𝜇L of trifluoromethanesulfonic acid (TFMSA; SIG-158534) and 1/10th
to 1/2 volume of anisole (SIG-96109). The suspension was
incubated for 2–6 h on ice and the reaction was stopped with
cold N-ethylmorpholine (SIG-04499; 4 : 1 volume). TFMSA
treatment was done in three tubes for 2, 4 and 6 h to determine the time dependent effect on complete deglycosylation.
5–10 volumes of acetone (Merck) was added to the tube and
mixed well. The mix was incubated overnight at −20∘ C and
centrifuged for 10 min at 10000 rpm to pellet protein. The
pellet was dried and resuspended in SDS-containing sample
buffer (100 𝜇L) prior to SDS-PAGE and immunoblotting
with an antibody to CD44v6. Immunoblotting was done as
previously described [27].
2.7. Immunostaining. Surface localization of CD44 (CD44s,
CD44v6 and CD4v10) and MMP9 was determined in cells
that were not permeabilized with Triton X-100. Cells fixed
for 5 min with paraformaldehyde (3.7%), washed twice with
cold PBS, and blocked with blocking solution were used
for immunostaining with antibodies of interest as described
previously [27]. Immunostained cells were viewed and photographed with a Bio-Rad confocal laser-scanning microscope. Images were stored in TIF format and processed by
using Photoshop (Adobe Systems, Inc., Mountain View, CA).
2.8. Immunohistochemistry. Prostatic cancer and normal
tissue microarray (TMA) sections with stage and grade
information were bought from US Biomax, Inc. (Rockville,
MD). We have used the following tissue microarray sections
containing different number of cases and cores: PR242 (12
cases with 24 cores); PR481 (24 cases with 48 cores) and
PR956 with metastasis in bone and alimentary wall (40
cases with 95 cores). Sections were arranged in duplicate
cores per case. TMA sections were processed, stained, and
analyzed essentially as described previously [24, 29]. Images
were taken with an Aperio scanscope CS system (Vista, CA).
Relative distribution of interested proteins in immunostained
TMA sections were semiquantitatively analyzed by two other
investigators.
2.9. Statistical Analysis. All values presented as mean ±
SEM. A value of 𝑃 < 0.05 was considered significant.
Statistical significance was determined by analysis of variance
(ANOVA) with the Bonferonni corrections (Instat for IBM;
Graph pad software).

3. Results
3.1. MMP9 Knockdown Increases Expression of CD44v6. PC3
cells express CD44 isoforms such as CD44s, v6, and v10.
MMP9 knockdown in PC3 cells (PC3/Si) reduces the expression of CD44s [12]. Here, we evaluated the expression levels of
CD44v6 and v10 at RNA and protein levels in PC3/Si cells. As
shown previously, MMP9 knockdown reduced the expression
of CD44s at mRNA (Figure 1(a)) and protein levels (data not
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shown). However, real time RT PCR and immunoblotting
analyses (Figures 1(a)–1(d)) displayed a significant increase
in the expression of CD44v6 and v10. The increase in mRNA
was found to be >3–5 fold for CD44v6 and ∼1–1.5 fold for
CD44v10 in PC3/Si cells as compared with vector (PC3/V)
and a scrambled SiRNA construct (PC3/Sc) transfected PC3
cells (Figure 1(a)).
Immunoblotting analysis showed equal levels of CD44v6
protein at molecular weight (MW) 80–85 kDa in all PC3
cells lines tested including PC3/Si (Figure 1(b)). In addition
to this 80–85 kDa protein, several protein bands of CD44v6
with MW ranging between 80 and >150 kDa were observed
in these cells lines. However, these bands were significantly
increased in PC3/Si than PC3, PC3/V and PC3/Sc cells. An
increase in the mRNA of CD44v10 (Figure 1(a)) does not
appear to be translated into CD44v10 protein in PC3/Si
cell line (Figure 1(c)). Equal levels of CD44v10 protein with
a MW ∼115 kDa was observed in all PC3 cell lines tested
(Figure 1(c)). The correlation between increased mRNA and
decreased protein levels of CD44v10 remains unclear. It is
possible that CD44v10 may not have any functional significance in prostate cancer cells.
CD44v6 expression is essentially restricted to a subset of
epithelia in nonmalignant tissues [30]. Therefore, we compared the expression levels of CD44v6 in normal prostatic
epithelial (HPR1) and benign prostatic hyperplasic (BPH)
cells with LNCaP, DU145 prostate cancer cells (Figure 1(e)).
The amount of CD44v6 in BPH and HPR1 cells (Figure 1(e))
is as good as PC3/Si cells (Figure 1(b)). Expression of CD44v6
(∼80 kDa) was observed in DU145 cells but at a significantly
lower level (Figure 1(e), DU; indicated by an arrow). We failed
to detect CD44v6 in LNCaP cells (LN). Taken together, our
results demonstrate a switch in the CD44 isoform expression
from CD44s to CD44v6 in PC3/Si cells. Expression of
CD44v6 in PC3/Si cells as observed in HPR1 and BPH cells
suggest that downregulation of MMP9 has the potential to
reverse the malignant phenotype of PC3 cells.

3.2. MMP9 Knockdown Increases Surface Expression and
Glycosylation of CD44v6
3.2.1. Fluorescence Activating Cell Sorting (FACs) Analysis.
Next, we analyzed the surface expression levels of CD44v6 in
PC3/Si and control cells using flow cytometry analysis and
subsequently assessed again by biotinylation procedure. A
representative histogram analysis for CD44v6 is shown in
Figure 2(a). A shift in the fluorescence histogram indicates
an increase in the surface levels of CD44v6 in PC3/Si cells
(Figure 2(a), peak 1) as compared with control cells (PC3,
PC3/V, and PC3/Sc cells). Figure 2(b) is a bar graph quantitation showing a ∼50–60% increase in PC3/Si cells. We were
able to corroborate this observation in the immunoblotting
analysis with lysates made from indicated cells surface labeled
with NHS-biotin (Figure 2(c)).
As shown in Figure 1, several protein bands of CD44v6
with MW ranging between 80 and >150 kDa were observed in
PC3/Si cells. The level of these protein bands was significantly
more in PC3/Si cells (Figure 2(c), lane 4) than control PC3
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Figure 1: Determination of the expression of CD44s, v6, and v10 in PC3 cells knockdown of MMP9: PC3 cells transfected with vector DNA
(PC3/V), scrambled nonsilencing SiRNA (PC3/Sc) and silencing SiRNA (PC3/Si) were used for real time PCR (a) and immunoblotting
analyses (b–f). Untransfected PC3 cells were also used as controls. The expression levels of CD44s, CD44v6, and CD44v10 mRNA were
determined by real time PCR analysis and normalized relative to GAPDH expression (a). ∗∗ 𝑃 < 0.001;∗ 𝑃 < 0.01 versus indicated respective
controls (PC3/V and PC3/Sc). Equal amount of protein was used for immunoblotting analysis with an antibody to CD44v6 (b and e) and
CD44v10 (c). A shorter exposure blot for PC3/Si cells is shown in lane 5. The blot in (b) was stripped once and probed successively with an
antibody to CD44v10 (c) and GAPDH (d). The blot in (e) was stripped and reprobed with an antibody to GAPDH. The levels of GAPDH
represent the loading control for each experiment set. The results shown are representative of three or four experiments.

and PC3/Sc cells (lanes 2 and 3). A shorter exposure blot for
PC3/Si is shown in lane 5. The blot was stripped and reprobed
with an antibody to Zip1 (d). Zip1 was used as a loading
control for surface proteins. It is a cell surface zinc transporter
protein and was shown to express ubiquitously on the surface
of PC3 cells [23]. We have previously demonstrated that
osteoclasts derived from bone marrow cells express only
CD44s [31]. To determine the specificity of CD44v6 antibody,
we used CD44s (data not shown) and nonimmune IgG
(Figure 2(c), lane 1) immunoprecipitates made from lysates
of osteoclasts and PC3/Si cells, respectively. Immunoblotting
analysis showed no detectable levels of CD44v6 due to
nonspecific binding (Figure 2(c), lane 1) further validating
the specificity of the CD44v6 antibody.
3.2.2. Deglycosylation of by TFMSA. CD44v6 contain a
number of potential glycosylation sites which may explain
its migration at a higher molecular weight. Trifluromethanesulphonic acid (TFMSA) was shown to deglycosylate proteins and produce predicted size peptides from cDNA [28].
Therefore, in order to determine the degree of glycosylation,
total cellular lysate protein (∼500 𝜇g) was deglycosylated with
(+) and without (−) TFMSA (Figure 2(e)). Immunoblotting
analysis with an antibody to CD44v6 demonstrated that
TFMSA reduces the protein size to ∼80–85 kDa implying that
Posttranslational modification (glycosylation) of CD44v6 is
mediated by glycosyltransferases. The actual mechanisms of
glycosylation in response to MMP9 knockdown and the
glycosyltransferases which regulate glycosylation of CD44v6
have yet to be determined.
3.2.3. Immunostaining and Confocal Microscopy Analysis. To
determine the surface distribution of indicated proteins,

immunostaining was done in cells not permeablized with Triton X-100 (Figure 3). As shown previously [1], colocalization
(yellow) of CD44s and MMP9 was observed on the cell surface of PC3/Sc cells (Figure 3(a”); Overlay). The expression
of CD44s is reduced in PC3/Si cells (Figures 3(d’) and 3(d”)),
[1]. Therefore these cells (d) exhibited reduced colocalization
of CD44s and MMP9 on the cell surface (d”). Surface distribution of v6 (b’ and e’) and v10 (c’) in PC3/Sc and PC3/Si cells
corroborates immunoblotting and FACs analyses shown in
Figure 2. Phase contrast microscopy analysis showed that
PC3/Si cells undergo a dramatic morphological alteration in
cell size and shape as compared with PC3/Sc cells. PC3/Si
cells are larger in size [12]. Punctate and patchy distribution
of CD44v6 on the cell surface indicates that this protein is
abundantly expressed by PC3/Si cells (e’ and e”). Interestingly,
the size of the spots appears to be larger than that observed in
the control group (b’). Punctate and patchy staining indicates
micro clustering of CD44v6 on the cell surface and in the
periphery of plasma membrane (indicated by arrows in
e”). This suggests that CD44v6 may possibly have different
cellular function other than cell invasion. It is possible that
CD44v6 mediated signaling may increase the adhesive nature
and provide a widespread morphology to PC3/Si cells as well.
Taken together, for the first time, we show here that downregulation of MMP9 is accompanied by the upregulation
CD44v6 at transcriptional, translational (total and surface
levels of protein) and Posttranslational (glycosylation) levels.

3.3. MMP9 Knockdown Reduces Migratory and
Invasive Property
3.3.1. Migration Assays. Having established that MMP9
knockdown increases the expression of CD44v6 in PC3 cells,
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Figure 2: Analysis of surface expression of CD44v6 in indicated PC3 cell lines. (a) and (b), Surface expression of CD44v6 in PC3 cells
knockdown of MMP9 (PC3/Si) is compared with control cell lines (PC3, PC3/V, and PC3/Sc) by FACs analysis (a) and (b). A representative
histogram demonstrating the surface levels of CD44v6 in various PC3 cell lines is shown. In a typical experiments about 4–6 wells in 24 wells
were used for each cell line. Statistical analysis of the mean fluorescence intensity (mean ± SEM; 𝑛 = 3) is shown as a graph (b); ∗ 𝑃 < 0.0001
versus control cell lines. (c) and (d) Immunoblotting analysis of surface expression of CD44v6 and Zip1 proteins in indicated PC3 cell lines.
Equal amount of lysate proteins (100 𝜇g) were immunoprecipitated with an antibody to CD44v6 (c) and Zip1 (d) and pulled down with
streptavidin agarose. The blot was probed with a CD44v6 antibody followed by a Zip1 antibody after membrane stripping. A shorter exposure
blot for PC3/Si is shown in lane 5. (e) Deglycosylation of CD44v6 with TFMSA. Total lysates (500 𝜇g protein) made from PC3/Si cells were
treated with (+) and without (−) TFMSA. Immunoblotting analysis demonstrates the deglycosylated (lane 1) and non-deglycosylated (lane
2) CD44v6 (e). The results shown are representative of three different experiments.

we next examined the functional consequence of this change
in cell migration (Figure 4) and invasion (Figure 5) assays.
Cell migration was assessed by phagokinesis (a and b) and
wound healing (d–h) assays. In phagokinesis assay, PC3/Si
cells displayed a significant decrease in migration (Figures
4(b) and 4(c)) as compared with PC3/Sc cells (a and c).
Similar observations were made in the wound healing assay.
A decrease in the wound size from 48.6 ± 8 𝜇m at 0 h
(Figure 4(d)) to 16.2 ± 3 𝜇m at 24 h (Figure 4(f)) was observed
in PC3/Sc cells. However, the wound size was 47.9±7 𝜇m at
0 h (Figure 4(e)) and 43.3 ± 5 𝜇m at 24 h (Figure 4(g)) in
PC3/Si cells. Statistical analysis is provided as a graph at 0 h,
12 h, and 24 h (Figure 4(h)). Wound healing is comparable in
PC3 and PC3/Sc cells. These cells move toward the wound
and the wound area decreased over time. However, MMP9
knockdown reduces or delayed wound closure significantly.
The defect in migration is reflected in the morphology and
size of PC3/Si cells (Figure 4(g); [12]).

3.3.2. Invasion Assays. Next, we proceeded to check the invasive property of PC3/Si cells using gelatin degradation assay
as shown previously [12]). Cells were stained with rhodamine
phalloidin for actin (red) and analyzed by a confocal laser
scanning microscopy (Figure 5). PC3/Sc cells displayed actin
staining in several distinct invadopodia-like structures (indicated by arrow heads in Figure 5(a)). Degradation of FITCconjugated gelatin matrix (green) was observed (Figure 5(b),
indicated by green arrows) and PC3/Sc cells were found
within the excavated matrix (Figure 5(a)). However, PC3/Si
cells failed to demonstrate matrix degradation (c). A discrete
reorganization of actin cytoskeleton with the formation stress
fibers and focal adhesions was observed in PC3/Si cells (Figures 5(c) and 5(d); indicated by arrows). Consistent with our
observations in gelatin degradation invasion assay, MMP9
knockdown significantly reduced 3D extracellular matrix
degradation and 3D invasion in an OrisTM Cell Invasion &
Detection Assay system containing 3D surface (see Figure S1
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Figure 3: Immunostaining and confocal microscopy analysis of surface distribution of MMP9 and indicated CD44 isoforms in PC3/Sc and
PC3/Si cell lines. Immunostaining was performed with antibodies to MMP9 (green) and isoforms of CD44 (s, v6, and v10; red). Distribution
of both MMP9 and indicated CD44 isoforms is shown in overlay panels (a”)–(e”). Yellow color indicates colocalization of CD44s and MMP9
on the cell surface (overlay panel a”). Scale bar-50 𝜇m. The results represent one of three experiments performed.

avaliable online at http://dx.doi.org/10.1155/2013/493689).
These results confirmed the dependence of prostate cancer
cells migration and invasion on MMP9 activity and the
formation of invadopodia.
3.4. CD44 Knockdown Reduces Adhesive Property of PC3 Cells.
Since MMP9 and CD44s has interdependent role in the
invasion of PC3 cells, the next logical step is to understand
whether knockdown of CD44 in general will have any impact
on the organization of invadopodia in PC3 cells. Four different silencing and one control scramble ShRNA constructs

for the CD44s cDNA sequences (Genbank-NM 000610.3;
encodes the longest isoform) were made to knockdown CD44
in PC3 cells as described previously [24]. PC3 cells stably
transfected with vector DNA and a scrambled nonsilencing
ShRNA construct were used as controls. Several individual
clones (∼15–20) were characterized for each construct and
tested the expression levels of CD44s. A significant decrease
in CD44s was observed in the clonal isolates of PC3 cells
transfected with silencing ShRNA constructs corresponding
to nucleotide sequences 492 and 801 bp [24]. Among the
individual clones tested, we chose clones which demonstrated
very minimal or no expression of CD44s for further studies
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Figure 4: The effects of MMP9 knockdown on the migration of PC3 cells. Phase contrast micrographs of PC3/Sc and PC3/Si cells are shown
(a) and (b); (d)–(g). (a)–(c) Phagokinesis assay. The area of the migratory track is seen free of the gold particles. PC3 cells were seen as
black spots in the white tracks (a) and (b). Photographs were taken at the same magnification (100× in the lower-power view). The motility
was evaluated by measuring areas free of gold particles and represented as mm2 (c). Results shown are mean ± SEM of three independent
experiments. About 20 to 25 cell tracks from each experiment were measured; ∗∗∗ 𝑃 < 0.001 versus control cells (PC3, PC3/V, and PC3/Sc).
(d)–(h) Wound closure assay. A representative wound closure assay before (d) and (e) and after (f) and (g) migration of PC3/Sc (d) and (f)
and PC3/Si (e) and (g) is shown. Arrows in (f) and (g) point to dead floating cells. Data showed at the bottom of each panel (in 𝜇m) represent
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at 12 and 24 h is provided as a graph (h). A significant decrease in the migration and wound closure was observed at 12 and 24 h in PC3 cells
knockdown of MMP9 (PC3/Si) as compared with indicated control cells. ∗∗ 𝑃 < 0.01, ∗∗∗ 𝑃 < 0.001 versus control cells (PC3/Sc and PC3/V).

(Figure 6(a), lanes 1 and 2). These cells failed to exhibit the
basal level expression of CD44v6 as well (data not shown).
The morphological changes in PC3 cells by knockdown
of CD44 (PC3/Si (CD44) were assessed by phase contrast
microscopy. The morphology of PC3 cells is shown in
Figure 6(c). PC3/Si (CD44) cells were smaller in size and
membrane bleb-like projections were seen at the periphery
after the cells were adhered to cell culture dishes for 24 h
(Figure 6(e)). These changes in the morphology match up
with the reorganization of actin filaments into retraction of
cell protrusions with the formation of numerous cytoplasmic processes or microvilli-like structures at the periphery.
Neither invadopodia nor stress fibers/focal adhesions were
observed in these cells (Figure 6(f)). Retraction of cell protrusions and the formation of cytoplasmic processes could be
a sign of rounding up of cells as a result of reduced CD44s
signaling. This may be one of the characteristic features of
cell detachment. Therefore, cells were cultured for 72 h and

viewed under phase contrast microscope. Cells rounded up
and detached at 48 h and 72 h in a time dependent manner.
Only a few cells were attached to cell culture dishes at
72 h. Cell viability is reduced after 5 days in culture (data
not shown). We present evidence that CD44 signaling can
control invadopodia formation and cell adhesion in PC3 cells.
Knockdown of CD44 in general has the potential to reduce
the invasive and survival property of PC3 cells [32].
3.5. Expression of CD44v6 Is Low in Prostatic Adenocarcinoma in Tissue Microarray Sections. In order to confirm the
expression levels of CD44v6 in multiple prostate cancer tissue
samples from autopsy, we carried out immunohistochemistry
analyses in prostate cancer tissue microarray (TMA) sections
containing matched normal adjacent tissue (Figure 7). Number of cases and cores in the TMA are indicated in Materials
and Methods. A representative tissue microarray panel containing sections of normal and tumor tissue (24 cores) and
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Figure 5: Determination of invasion property of PC3/Si and PC3/Sc cells using gelatin degradation assay. The ability of PC3 cells knockdown
of MMP9 to degrade the gelatin matrix was determined by culturing PC3 cells (PC3/Sc and PC3/Si) on a FITC-conjugated gelatin matrix
(green). Cells were found within the degraded matrix (a). Actin staining is shown in red (a), (c), and (d). Invadopodia are indicated by arrow
heads (a). Areas of degradation of the matrix are indicated by green arrows (b). The rectangular field in (c) is enlarged in (d). Focal adhesions
are indicated by arrows (d). These results represent one of several experiments performed.

the cores which are selected to show at higher magnification
are indicated by a rectangular field in Figure S2 (additional
file). Also, semiquantitative analysis distribution of CD44v6
in normal prostatic tissue, prostatic adenocarcinoma (stage 3
and 4), and metastatic adenocarcinoma in bone is shown in
Figure S3 (additional file). Medium (a–f) and higher (a’–f ’)
power view of indicated core in Figure S2 are shown for the
specificity of staining in Figure 7.
Normal prostate tissue showed positive staining for
CD44s and MMP9 in the cytoplasm and nuclei of luminal
epithelial and basal cells (Figures 7(c) and 7(e)). Prostatic
adenocarcinoma sections showed multiple small foci of
tumor cells (d and f). One of the foci is showed in higher
magnification (d’ and f ’). Overexpression of CD44s (d and
d’) and MMP9 (f and f ’) was clearly observed in tumor cells.
CD44v6 expression is more in normal tissue (a) than in
tumor tissue (b). High power view (a’) demonstrated intense

staining in the basal cells and basolateral plasma membrane
(indicated by arrows in a’) of luminal epithelial cells. Prostatic
adenocarcinoma at stages 1–4 showed weak reactivity for
CD44v6 (b and b’). The foci of tumor cells in the same core
or tissue section which demonstrated intense staining for
CD44s (d’) and MMP9 (f ’) displayed minimal staining for
CD44v6 at the periphery in the monolayer cells (b’). No
staining was observed in the tumor cells found within the
foci (b’). Similarly, prostatic adenocarcinoma at stages 1–4 as
well as prostate cancer metastasis to bone and abdominal wall
showed weak reactivity for CD44v6 (Figure S3 in additional
file). Taken together, these observations imply that there is a
switch in the expression of CD44v6 to CD44s occurs during
metastatic process. We suggest here that downregulation of
CD44v6 is related and perceived to be important in the
prognosis and progression of prostate cancer. Expression of
CD44s may serve as molecular marker for invasiveness.
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Figure 6: Analysis of the effects of CD44 knockdown on the expression of CD44v6, cell morphology, and actin distribution. (a), (b), (g),
and (h) The effect of ShRNA to CD44 on the cellular levels of CD44s protein was determined by immunoblotting analysis. The expression
levels of CD44s are shown in different PC3 cell lines by immunoblotting analysis (a). Individual clones were isolated from cells transfected
with a construct corresponding to 492 bp ((a), lane 1) and 801 bp (lane 2). Cells transfected with a nonsilencing scrambled ShRNA construct
(Sc; lane 3) and vector DNA (V; lane 4) were used as controls. PC3 cells knockdown of CD44s ((g), lane 1) and MMP9 (lane 2) as well as a
control PC3/Sc cells (lane 3) were used for immunoblotting analysis with an antibody to CD44v6. Total cellular lysates (∼50 𝜇g) were used for
immunoblotting analyses (a), (b), (g), and (h). Equal loading of protein was verified by immunoblotting with an antibody GAPDH (b) and (h).
The experiment was repeated three times with similar results. (c)–(f) The morphology of PC3/Sc and PC3/Si (CD44) cells was determined by
phase contrast microscopy (400x; (c) and (e)). Cells were stained with rhodamine phalloidin to examine the distribution of actin in PC3/Sc
(d) and PC3/Si (CD44) (f) cells. Staining of actin is shown in gray scale (d) and (f). Arrows point to invadopodia in PC3/Sc cells (d). The
results shown are representative of three independent experiments. Bar: 50 𝜇m.

4. Discussion
The aim of this study is to understand the underlying
molecular mechanisms regulating invasion in prostate cancer
cells. Highly invasive cancer cells expressing invadopodia
degrade and enter the matrix produced by cells like fibroblasts
[33–35]. Normal cells neither form invadopodia nor degrade
the ECM [36]. We have shown here and previously that localization of MMP9 in the invadopodia of PC3 cells regulates
the invasion into the matrix [6]. To elucidate the possible
roles of MMP9 in prostate cancer cell invasion/migration
processes, we generated PC3 cells knockdown of MMP9
(PC3/Si). PC3/Si cells adhered and spread well in culture [12].
Invasion analyses revealed that PC3/Si cells are noninvasive
in nature which is certainly due to failure in the formation of
invadopodia.
CD44 expression has been associated with aggressive
behavior of various tumor cells [13, 37, 38]. Src, Rho,
cortactin, WASP, and Arp2/3 proteins are involved in the
formation of invadopodia [6, 33, 39, 40]. Failure to form
invadopodia in PC3 cells treated with a WASP peptide suggests that actin polymerization and formation of invadopodia
involves the WASP-Arp2/3 complex [6]. Several of these

important proteins which induce invadopodia formation
(e.g., cortactin, Src, Rho, and WASP) were shown to interact with CD44 [41, 42]. PC3/Si cells are noninvasive in
nature which is not only due to failure in the formation of
invadopodia but also due to reduced expression of CD44s.
However, downregulation of MMP9 expression in PC3 cells
switches CD44 isoform expression from CD44s to CD44v6
which is more glycosylated. This is accompanied with the
formation of focal adhesions and stress fibers in PC3/Si cells.
Focal adhesions have been shown to have both adhesive
and invasive properties in pancreatic cancer cells [43]. An
increase in the expression and glycosylation of CD44v6
isoform in PC3/Si cells possibly suggest a role for CD44v6
signaling in the formation of focal adhesions and stress fibers.
CD44 isoforms may have unique signaling properties. It
seems that the biological role of CD44 molecules is not the
same in all cell types or tumors.
The expression of different CD44 isoforms has been
correlated with the human tumor progression (rev. in [44]).
In addition to a strong expression of CD44s, variant isoforms of CD44 (CD44v) were observed predominantly in
aggressive lymphoma. This has been associated with a shorter
overall survival of patients [45]. In a rat metastasis model,
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Figure 7: Immunohistochemical detection of CD44v6 (a) and (b), CD44s (c) and (d), and MMP9 (e) and (f) in normal (a), (c), and (e) and
adenocarcinoma (grade 2-3; (b), (d), and (f)) sections of representative prostate tissues from a tissue microarray: immunostained sections
(brown) with indicated antibody above were counterstained with hematoxylin stain (blue). Note the intense immunopositivity of basal
epithelial membrane of epithelial cells in normal gland (indicated by arrows in (a’)). Magnification is 50× in (a)–(f). Location of the high
magnification (200×) regions shown in (a’)–(f ’) is indicated by a rectangle field in (a)–(f). The staining was repeated thrice with similar
results.

v6 isoform is causally involved in lung metastasis formation
[44]. CD44v6 isoform appears to be the major importance for
tumor dissemination in human non-Hodgkin’s lymphoma,
colon carcinoma and mammary carcinoma [46–49]. Downregulation of MMP9 has an impact on the expression and
surface levels of CD44s. However, the intriguing observation
is the expression and glycosylation of CD44v6 in PC3/Si cells
corresponds with the benign (BPH) and normal prostatic
(HPR1) epithelial cells. As shown by others in cases of
carcinoma [50], we have shown here that the expression of
CD44v6 is down regulated in prostate cancer tissue. Expression of CD44 variant isoforms containing sequences are
tightly regulated and restricted to epithelial cells [45, 51, 52].

Expression of CD44v6 in HPR1 and BPH cells corroborate
this observation. It is possible that PC3/Si cells may assume a
noninvasive epithelial-like phenotype which may trigger the
expression of CD44v6. It suggests that CD44 isoforms can
exert different molecular mechanisms and functions depend
on the situation. Thus, unlike what is observed in other
tumors, CD44v6 appears to be inversely positive with tumor
progression in prostate cancer.
The role of CD44 isoforms in prostate cancer development and progression needs further elucidation. Evidence of
CD44 involved in prostate cancer is conflicting as some have
shown increased expression of CD44s and CD44 variants to
be associated with poor prognosis. However, others found
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a reduction of CD44 variants in tumors of patients with
advanced carcinoma. With the use of PC3/Si and PC3/CD44s
cell lines, we have provided evidence that modulation of
expression of CD44s has an impact on the invasion and
migration of prostate cancer cells. Little is known about the
prognostic value of the expression of variant isoforms of
CD44. Expression of CD44v6 may possibly an independent
predictor of survival in prostate cancer. As suggested by
others [53], our results support the association of expression
of CD44v6 with prolonged disease-free with possibly bettersurvival significance. We show here for the first time that
MMP9 knockdown induces noninvasive cellular phenotype
in prostate cancer cells.
We have previously demonstrated that CD44s regulates
cell survival in PC3 cells [7]. One would expect a decrease
in cell viability as CD44s expression is considerably reduced
in PC3/Si cells. However, an increase in the expression of
CD44v6 independent of MMP9/CD44s regulation compensates this mechanism and supports cell viability. CD44v6
expression inversely correlates with pathologic stage and
disease progression and positively correlates with PSA-free
survival [54]. We have begun studies designed to determine
the specific roles of MMP9 and CD44s in tumor progression.
How does this switch “CD44s to CD44v6” in PC3 cells
improve survival and what is/are the mechanism(s) tied to
this switch needs further elucidation.
CD44 variant isoforms contain new oligosaccharide
attachment sites which provide functionally distinct and
significant glycosylation changes [55, 56]. Glycosylation of
CD44v6 is suppressed in PC3 cells although its expression
was observed at transcriptional and translational levels. Differential regulation of CD44v6 seems to occur during normal
and nonmalignant state of cells. Glycosylation of CD44v6
may induce the formation of actin stress fibers and focal
adhesions. These events can occur only upon the binding of
CD44v6 with appropriate ligand.
CD44 variant isoforms v6 and v7 have been shown to
confer binding properties with multiple glycosaminoglycans
(GAGs) when expressed on the cell surface [57]. CD44
binding with GAGs was suggested to have several functional
consequences such as, (a) affinity to ECM to enhance cellmatrix interactions; (b) trigger signal transduction mechanism; (c) present growth factor to its receptor [57]. CD44
variants have also been shown to function as a coreceptor for
the activation of growth-promoting tumor receptor tyrosine
kinases [58, 59]. As suggested by others, it is possible
that variant isoform may either mediate binding to new
ligands, or modulate the function of domains expressed
on all CD44 proteins, such as the hyaluronic-acid-binding
domain. Further understanding of the GAG and ligand
binding activities of CD44v6 and its role in the formation
of focal adhesions will provide insight into the functions of
CD44s and CD44v6 in the metastasis of tumor cells. Further
biochemical characterization of how CD44v6 signaling is
orchestrated spatiotemporally and complexes of proteins
involved in the distinctively different adhesion regimes are in
progress. Identification of the ligand that is involved in the
signaling events by CD44v6 may provide a clue to develop
new strategies to inhibit invasion.
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5. Conclusions
The spread of cancer cells to distant sites in the body is the
major cause of cancer patients’ death. PC3 cells knockdown
of MMP9 or CD44s fail to degrade the matrix due to the
absence of invadopodia. Cells knockdown of these proteins
highlights the importance of these proteins in prostate cancer
invasion and migration. CD44s induced signaling events are
associated with the highly metastatic property of androgen
independent prostate cancer cells. PC3/Si (CD44) cells lost
their ability to attach to plates due to failure in the formation
of focal adhesions. Loss of invasion property in these cells is
due to failure in the formation of invadopodia. Glycosylation
of CD44v6 may provide a firm adhesive phenotype with the
formation of stress fiber and focal adhesions. A switch from
CD44 variant isoforms to CD44s can influence the metastatic
property of tumor cells. Downregulation of CD44v6 signaling correlates with invasion and metastasis processes via
gain of function of CD44s in androgen-independent prostate
cancer cells.
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Objectives. To evaluate prostate cancer (PCa) detection rates of real-time elastography (RTE) in dependence of tumor size, tumor
volume, localization and histological type. Materials and Methods. Thirdy-nine patients with biopsy proven PCa underwent RTE
before radical prostatectomy (RPE) to assess prostate tissue elasticity, and hard lesions were considered suspicious for PCa. After
RPE, the prostates were prepared as whole-mount step sections and were compared with imaging findings for analyzing PCa
detection rates. Results. RTE detected 6/62 cancer lesions with a maximum diameter of 0–5 mm (9.7%), 10/37 with a maximum
diameter of 6–10 mm (27%), 24/34 with a maximum diameter of 11–20 20 mm (70.6%), 14/14 with a maximum diameter of
>20 mm (100%) and 40/48 with a volume ≥0.2 cm3 (83.3%). Regarding cancer lesions with a volume ≥ 0.2 cm3 there was a
significant diﬀerence in PCa detection rates between Gleason scores with predominant Gleason pattern 3 compared to those with
predominant Gleason pattern 4 or 5 (75% versus 100%; P = 0.028). Conclusions. RTE is able to detect PCa of significant tumor
volume and of predominant Gleason pattern 4 or 5 with high confidence, but is of limited value in the detection of small cancer
lesions.

1. Introduction
Diagnosis and therapy of prostate cancer (PCa) are discussed
controversially. On the one hand, prostate-specific antigen
(PSA) testing has low specificity for PCa detection and systematic biopsy low sensitivity, and on the other hand detection of insignificant PCa may lead to overdiagnosis and overtherapy with its cost and complications [1–3]. Strategies like
active surveillance, watchful waiting, and focal therapy of
index cancer lesions are becoming more popular [3, 4].
Imaging modalities like magnetic resonance imaging
(MRI), novel transrectal ultrasound (TRUS) technologies,
that is, contrast enhanced TRUS (CE-TRUS), or real-time
elastography (RTE) and computer aided analysis of TRUS
signals (i.e., HistoScanning or computerized TRUS with

artificial neural network analysis) have shown to be helpfully
in urological management of diagnosis and/or therapy
strategies for PCa [5–8]. One of the key requirements of
imaging is to demonstrate significant cancer lesions in the
prostate with high confidence, since they may determine the
clinical prognosis [4, 9]. Targeted biopsy, focal therapy, and
therapy monitoring of these lesions then could become
possible. Based on the tumor volume significant lesions are
defined to be ≥0.2 cm3 or ≥0.5 cm3 [10, 11].
One possibility for visualization of PCa is the representation of tissue elasticity. Usually cancers have a higher cell and
vessel density than normal tissue and are therefore associated
with a decreased elasticity [12, 13]. This is similar to the digital rectal examination (DRE) of the prostate performed by
the urologists, where hard palpable areas are classified as
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Figure 1: Hard area PZ mid-gland left measured with 7.6 mm in the axial plane ((a), white arrow) and with 19.4 mm in the sagittal plane
((b), white arrows).

suspicious for PCa. However, only the posterior parts of the
prostate can be evaluated by DRE [14]. RTE, an ultrasonic
method which is able to demonstrate tissue elasticity colorcoded, does not have this problem, since all anatomical
regions of the peripheral zone (PZ) can be evaluated [6].
Furthermore, this noninvasive technique is time-and costeﬀective and proved its potentials in PCa detection with
promising results in former studies [14, 15]. In contrast to
static MRI, targeted biopsy and focal therapy of the prostate
can be done under real-time conditions with RTE.
The aim of this study was to evaluate PCa detection rates
of RTE in dependence of tumor size, tumor volume, localization, and histological type and to determine reasons for false
negative findings.

2. Materials and Methods
2.1. Patients. From April 2010 to November 2011 39 consecutive patients with a median age of 63 years (range: 48–
75 years) and a median serum PSA value of 5 ng/mL (range:
2.1–14 ng/mL) participated in this prospective single-center
study. All patients were informed about the study design and
the study objective. Written informed consent and a positive
vote by the local ethics committee of Innsbruck were present.
Men with biopsy proven PCa and who were scheduled for
radical prostatectomy (RPE) were included. All participants
underwent RTE before RPE, and after RPE the prostates were
prepared as whole-mount step sections, and the boarder of
cancer lesions were marked. DRE was not part of the study.
2.2. Real-Time Elastography. RTE was done by one experienced uroradiologist (F. Aigner) on a EUB 8500 Hitachi
ultrasound unit (Hitachi medical systems, Tokyo, Japan)
using a 7.5 MHz end fire transrectal probe to assess tissue
elasticity. Elastograms were obtained by slight prostate compression and decompression, which was manually induced
by the investigator using the transrectal probe and controlled by the compression indicator on the monitor. Hard
areas were considered PCa suspicious and color coded
blue (Figure 1). These areas were reproducible in the axial
and sagittal planes using a previously described approach
[16]. Imaging findings suspicious for PCa were assigned to
anterior, posterior, right, and left parts of the peripheral

zone (PZ) of the prostate only, since most cancers originate
from this zone and furthermore, transitional zone cancers are
more likely to be less aggressive [17, 18].
2.3. Histopathology: Preparation, Reporting, and Correlation
with RTE Findings. After RPE and fixation, the prostatectomy specimens were laminated in 4 mm thick slices with an
orientation of 90◦ to the urethra and prepared according to
the Stanford protocol. Pathological analysis was performed
by one dedicated uropathologist (G. Schäfer), who outlined
every cancer lesion and reported an assigned Gleason score.
Tumor measures were provided in consideration of a shrinkage factor. The whole-mount step sections have been scanned
in our system and were used in digital form for a correlation
with the data of imaging findings. The PZ was divided in
anterior, posterior, right, and left parts and the limit between
anterior and posterior part was defined as the section running through the widest transverse diameter of the prostate.
Based on histopathology, the lesions were classified
according to their maximal diameter in the following 4
categories: lesions with a maximum diameter of 0–5 mm, 6–
10 mm, 11–20 mm, and >20 mm. Furthermore, lesions were
classified to their tumor volume in the following 2 categories:
lesions with a volume of ≥0.2 cm3 and ≥0.5 cm3 .
2.4. Statistical Analysis. Cancer detection rates based on
tumor size and tumor volume as well as patient characteristics were summarized with frequencies and percentages or
with median, range, minimum, and maximum values. The
chi-square test was used to calculate significant diﬀerences
between PCa detection rates based on localization, prostate
volume (PV), tumor size, Gleason Scores, and serum PSA
values. All statistical calculations were performed using SPSS
18.0 software, and a P < 0.05 was considered statistically
significant.

3. Results
Overall, histological examination of the 39 prostatectomy
specimens showed 147 cancer lesions in the PZ with a
median size of 7.7 mm (range: 2–30.8 mm) of which 43
(29.3%) were localized in the anterior part, 90 (61.2%) in
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Table 1: Detection rate of all lesions ≥0.2 cm3 in dependence
of localization, Gleason scores, prostate volumes and PSA serum
values; n = 48.

Ratio (%)

80
27

60
56

14

40
24

20
10

0

6

≤5

5.1–10

>20

10.1–20

Size (mm)

Figure 2: Detection rate based on tumor size.
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Ratio (%)

80

60
31

40
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20

0
≥0.2

≥0.5

Localization
Anterior
Posterior
Both
Gleason score
G5, G6, G7 (3+4)
G7(4+3), G8, G9, G10
PV (mL)
<40
≥40
PSA (ng/mL)
<4
≥4

Detection

P

66.7% (6/9)
80% (20/25)
100% (14/14)

0.419

75% (24/32)
100% (16/16)

0.028

86.8% (33/38)
70% (7/10)

0.204

84.6% (11/13)
82.9% (29/35)

0.885

3.3. PCa Detection Rates Including all Cancer Lesions ≥0.2 cm3
in Dependence of Localization, Gleason Scores, Prostate Volumes, and PSA Values (Table 1). RTE detected 6 of 9 cancer
lesions in the anterior part (66.7%; group 1), 20 of 25 cancer
lesions in the posterior part (80%; group 2), and 14 of 14, if
the cancer lesions were located in both anterior and posterior
parts (100%; group 3). PCa detection was not significantly
diﬀerent between group 1 and 2 (P = 0.419).
There was no significant diﬀerence for PCa detection in
prostate volumes <40 mL and ≥40 mL (P = 0.204) and at
serum PSA values <4 ng/mL and ≥4 ng/mL (P = 0.885).
A significant diﬀerence in PCa detection was found for
PCa with a predominant Gleason pattern ≤3 and ≥4 (P =
0.028).

Volume (cm3 )

Figure 3: Detection rate based on tumor volume.

the posterior part, and 14 (9.5%) in both anterior and
posterior parts of the prostate. RTE detected a total of 54
cancer lesions out of the 147 (36.7%). The median volume
when only including tumors ≥0.2 cm3 was 0.85 cm3 (range:
0.21–11.18 cm3 ). The median Gleason score of all cancer
lesions was 6 (range: 5–10) and of cancer lesions ≥0.2 cm3
was 7 (range: 6–10).
3.1. PCa Detection Rates in Dependence of Tumor Size
(Figure 2). RTE detected 6 of 62 cancer lesions with a
maximum diameter of 0–5 mm (9.7%), 10 of 37 with a
maximum diameter of 6–10 mm (27%), 24 of 34 with a
maximum diameter of 11–20 mm (70.6%) and, 14 of 14 with
a maximum diameter of >20 mm (100%).
3.2. PCa Detection Rates in Dependence of Tumor Volume (Figure 3). RTE detected 40 of 48 cancer lesions with a
tumor volume ≥0.2 cm3 (83.3%) and 31 of 34 with a tumor
volume ≥0.5 cm3 (91.2%).

3.4. False Negative Findings on RTE for Cancer Lesions
≥0.2 cm3 . All 8 missed cancer lesions ≥0.2 cm3 had a predominant Gleason pattern of 3. Six of these eight lesions had
sparse architecture on histology, which is despite the malignant components composed of normal glands and glands
with dilated lumina. Only two lesions were dense and had
tumor volumes of 0.41 cm3 and 0.22 cm3 , respectively.

4. Discussion
A total of 26% (10/39) of our study population had serum
PSA values <4 ng/mL at time of biopsy and have been cancer
positive. This suggests that there is no suﬃcient PSA cutoﬀ
which allows excluding PCa. Thompson et al. and our study
group demonstrated this fact in former studies [19, 20].
Therefore, imaging modalities to visualize PCa should
raise the confidence for PCa detection independently of
serum PSA values and should demonstrate significant cancer
disease with high sensitivities. Detecting insignificant disease
may lead to overdiagnosis and overtherapy [3]. Some authors
define cancer lesions <0.5 cm3 as insignificant, whereas other
prefer a treshold of <0.2 cm3 [10, 11]. In our series, RTE
was capable to demonstrate 83.3% of all cancer lesions with
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Figure 4: Outlined large cancer lesion PZ midgland right on whole-mount step section shown on (a) and corresponding hard area (white
arrows) on elastogram (b) in axial planes.

(a)

(b)

Figure 5: Outlined small cancer lesion PZ base right on whole-mount step section shown on (a) and corresponding elastogram on (b) in
axial plane with arrow marked soft base.

a tumor volume ≥0.2 cm3 and 91.2% with a tumor volume
of ≥0.5 cm3 (Figure 4).
Regarding the largest diameter the detection rate in the
group 0–5 mm was weak with 9.7%, also not satisfying in
the group 6–10 mm with 27% (Figure 5). However, as stated
above: should we really be able to detect those small cancer
lesions?
Roethke et al. investigated tumor size dependent detection rates of well-established T2 weighted magnetic resonance imaging (T2w-MRI) and found sensitivities of 45%
and 89% for lesions with a maximum size of 10–20 mm and
>20 mm, which is slightly lower than our results (70.6% and
100%; resp.) [21]. Furthermore, they concluded that T2wMRI cannot exclude PCa with lesions smaller 10 mm and
0.4 cm3 and that including foci smaller 10 mm or less than
0.5 cm3 decreased sensitivity clearly. Similar to our results,
the presented data suggest that generally imaging of PCa is
limited due to tumor size. Nevertheless, they considered their

detection rate for lesions more than 20 mm (1.6 cm3 ) as high
[21].
In contrast, Walz et al. concluded that RTE alone did not
allow the identification of the PCa index lesion with satisfactory reliability, which should be necessary for focal therapy. They compared RTE findings with whole-mount step
sections to evaluate the diagnostic accuracy for identifying
the PCa index lesion, which is considered to be responsible
for possible metastatic progression and cancer-specific death
and observed a sensitivity of only 58.8% [4].
Sumura et al. reported sensitivities for RTE of 72.7% for
tumors with volume <0.1 cm3 , 77.8% for tumors with volume 0.1–0.3 cm3 , 71.4% for tumors with volume >0.3 cm3 ,
and 100% for tumors with volume >0.5 cm3 [22]. Similar to
our study, the detection rates for both anterior and posterior
tumors were nearly equal. Furthermore, our data indicate
that PV and PSA serum values have no significant influence
for detection rates in significant disease (Table 1).
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Figure 6: Outlined sparse cancer lesion PZ base right on whole-mount step section (a), no suspicious changes on macroscopic specimen
(b), elastogram (c), and grey-scale ultrasound (d).

Nevertheless, we missed 8 of 48 cancer lesions with a
tumor volume >0.2 cm3 on RTE, which means nearly 20% of
significant disease. Our pathologist reevaluated the wholemount step sections of these 8 cases and all missed cancer
lesions had a predominant Gleason pattern 3 and no cancer
lesion with predominant Gleason pattern of 4 or 5 was
missed.
In total, 6 of the 8 cancer lesions showed sparse architecture on histology, which means they were intermixed with
normal glands and also with glands showing dilated lumina
and so are more fluid and therefore soft which is a limitation
for RTE (Figure 6). The 2 other cases were dense tumors and
had volumes of 0.22 cm3 and 0.41 cm3 . This fact was also
described by Langer et al. who investigated the outcome of
diﬀusion weighted MRI (DWI) and T2w-MRI in dependence
of histological tumor composition [23]. Similar to RTE, DWI
assesses tissue information due to cell density: the denser
the cancer, the higher the diﬀusion restriction. All of their
“invisible” tumors also had predominant Gleason pattern 3
and showed sparse architecture on histology, so that they
did not significantly diﬀer from healthy prostate tissue. The
authors concluded that this may limit T2w-MRI and DWI in
the detection and the assessment of tumor volume of some
cancers.
Some cancer lesions may be negative on RTE, but positive
on CE-TRUS [20]. Maybe this multiparametric way—adding

tissue informations about contrast media dynamics to greyscale ultrasound and RTE—could have detected some of our
false negative findings. Brock et al. have shown the usefulness
of this approach, whereas Nygård et al. demonstrated the
benefit of adding new biomarkers, like PCA-3, to RTE findings for the detection of significant disease [24, 25].
Our study has several limitations. (1) We do not have data
about intra- and interobserver variability. (2) We have used
only one US system for RTE. The reproducibility of our
results with other US systems needs to be evaluated in further
studies. (3) We focused this study on correlating tumor sizes;
we did not correlate right negative results between RTE and
histopathologic specimens. (4) We investigated the PZ only
due to the above mentioned reasons. (5) We knew that every
patient had PCa, which is a bias. (6) The planes of wholemount step sections had an orientation of 90◦ to the urethra,
while an endfire transducer provides images in diﬀerent
angles. Therefore it could be diﬃcult to be sure, whether the
identical geographic areas were compared. An investigation
with 3D/4D ultrasound would be desirable.

5. Conclusion
RTE is capable of detecting significant PCa with high sensitivity, but can have problems when visualizing tumors with
sparse architecture. Therefore, adding information about

6
contrast media dynamics in a multiparametric way may
decrease the number of false negative cases. In the detection
of smaller cancer lesions, RTE is of limited value.
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